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A bstract
In order to assist companies to achieve manufacturing excellence, this study
develops an integrated model combining TQM, JIT and TPM, and provides
guidelines for the implementation of the model and for measuring company
performance. The model incorporates a series of WCM practices and
performance measurement indicators. In order to validate the Integrated Model,
hypotheses are developed and examined using data from a nationally-based mail
survey. In addition, a case study is conducted covering five plants, to understand
the contextual factors behind company practices.
It is confirmed that plants implementing TQM, JIT and TPM concurrently
outperform those which implement only one or two o f the methods, and there is
no difference in performance among plants using either one or two of the method s.
Further investigation on the causes o f difference in. performance reveals that, in
addition to the simultaneous implementation of the three methods, the establishment
of targets leads to better performance. However, there is insufficient evidence to
claim that involving employees in target setting has an effect on performance.
Better performance may result from greater extent of use of practices. It
is confirmed that plants adopting TQM, JIT and TPM have higher application of
practices than those which do not, and that there is positive correlation between
the extent o f application o f practices and the level of performance. This implies
that the adoption of TQM, JIT and TPM leads to better performance only when it
is accompanied by the application o f practices. Moreover, synergy in concurrent
use of practices is also confirmed: plants applying TQM, JIT and TPM practices
outperform those which adequately apply one or two set(s) of the core practices,
given adequate use of infrastructure practices.
The findings of the case study indicate that the applicabil ity and efficacy of
TQM, JIT and TPM, and some of the corresponding practices, are influenced by
the contextual factors o f the company. Although these findings are more realistic,
their power of generalisation is limited. Overall, it is concluded that, consistent
with contextual factors, companies should implement the Integrated Model in its
entirety in order to attain superior performance.
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Chapter 1
Introduction
1.1.

Background

Fiercer global competition, more rapidly changing markets, and the worldwide
spread of advanced manufacturing technology have created a complex and less
predictable environment. Previous production paradigms, driven by ‘internaldivisional efficiency’ and enabled primarily by machine-automation, have no longer
been able to satisfy the marketplace. Instead, a new method of production, where
success ultimately depends on swift response to customer demands for customised,
reliable, and well-engineered products, has to be established (Skinner, 1969; Hayes
et al., 1988; Doll and Vonderembse, 1991; Roth, 1996).
As predicted by Skinner (1986), and confirmed by Gibson et al. (1995), trends
in competitive priorities, and hence strategies, change over time. Cost reduction
through the production of large quantities, as recommended by the principle of mass
production, was favourable among manufacturers in the 1960s. Although pressures
to reduce manufacturing cost are still enormous up to this time, a low-cost production
strategy is not itself capable of attracting and maintaining customers. In the post
industrial environment, the elements of competitive advantage have increased both
in their variety and intensity (Jaikumar, 1986). In coping with this challenge,
academics and industry practitioners constantly contemplate the importance of an
integrated approach linking diverse manufacturing strategies, in order to obtain
synergy from their interconnected implementation.
The pursuit of excellence in manufacturing is characterised by the emergence
of new production efficiency paradigms. Storey (1994), however, argues that many
characteristics of the so-called different methods turn out to be similar. While
speculation has often progressed faster than actual practice, research-based knowledge
has seriously lagged behind actual development and installation (Storey, 1994).
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In dealing with uncertainties, and at the same time pursuing efficiency,
manufacturers are confronted with a trade-off toward a selection of strategies
applying any or all of three mechanisms: buffering their internal core from
environmental influences, smoothing/levelling environmental influences, and
adapting to anticipated environmental changes (Thompson, 1967). The traditional
approach of manufacturing utilises the first, costly choice through increasing
inventories of raw materials, work-in-process, and finished goods. On the other
hand, innovative new ways of manufacturing, which many authors ponder as an
emulation of the successful Japanese production model (Turnbull, 1986,1988;
Oliver and Wilkinson, 1992), seek mechanisms other than buffering to protect their
internal process. The last mechanisms are suitable for organisations operating in an
unsteady environment (Thompson, 1967).
Models and methodologies for improving production efficiency without using
buffer inventories have gained in popularity for the last two decades, such as Total
Quality Management (TQM), Just-in-Time (JIT) Manufacturing, Total Productive
Maintenance (TPM), and Continuous Improvement (Kaizen). These strategies,
which are often referred to as World Class Manufacturing (Schonberger, 1986;
1987), were credited with having helped Japanese manufacturers to gain a
significant competitive edge in sectors as diverse as electronics, motor vehicles, and
steel making (Bessant, 1991; Shingo, 1983; and Suzaki, 1988).
Unfortunately, the adoption of these Japanese production management
techniques happens one at a time during different periods. Quality circles, one
aspect of total qual ity endeavours, for example, were firstly applied in Western
industries to lessen the quality gap with their Japanese counterparts. Hill (1991),
however, noted that this labour-participation experiment in British industries led to
failure because the circles were introduced partly to solve a perceived crisis in
industrial relations and were only restricted to a narrow range of issues; therefore,
they decayed once the crisis had passed. Also, too many different improvement
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programs without a clear focus may result in conflicting priorities. This is what
Arndt and Hausner (1996) recognised, based on a survey of 37 manufacturing
managers, as the most significant barrier in implementing TPM in Australia. Thus,
the existence of a comprehensive model combining all improvement initiatives
cannot be ignored in pursuing manufacturing excellence.
1.2.

Importance o f the Research

This research aims at developing an integrated production model combining TQM,
JIT and TPM, which can guide manufacturing organisations in implementing it and
measuring their performance towards achieving manufacturing excellence. The
importance of this model will be elaborated in the following.
The fact that the spreading of the Japanese production models happens at
three different times has formed a general perception that the three offer different
kinds of initiatives to the company. In reality, the Japanese firms have never used
JIT without TQM. JIT and TQM are complementary, but TPM is different.
Manufacturers have a choice of using or not using it in their plants, depending on the
characteristics of their production equipment. TPM is not imperative and is used to
improve equipment effectiveness. However, companies are driven to adopt it for at
least two main reasons. Firstly, increased competition has demanded strict cost
control, and maintenance justifies a promising share of cost reduction (Paz and
Leigh, 1994). Secondly, TPM seeks to eliminate equipment related losses and to
improve productivity by reducing defects and increasing yields (Willmott, 1994).
TQM is the most widespread production paradigm. The application of TQM
is not only restricted to manufacturing companies but also to public sector and
service industries.
\

The emergence of TQM in Australia followed in the wake of the American
and European interest in Japanese manufacturing practices. The ‘Australia for
Quality’ campaign was launched by the incumbent Prime Minister on April 1984
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(Sprouster, 1984). It was followed by the formation of a ‘Committee of Review of
Standards, Accreditation and Quality Control and Assurance.’ The report of the
committee claimed that there was a plethora of public and private sector organisations
with little effective co-ordination and no national strategy (Foley, 1987). It was based
on this report that the Government established the National Industry Extension
Service (NIES), an agency to promote process and product innovations, and the
Australian Quality Council (AQC) to co-ordinate a national strategy on quality
management. While these two bodies have had a large influence on accelerating the
quality revolution of Australian enterprises (Burke, 1997), Australian manufacturers
still lag behind leading international companies in Japan and Germany (Arndt, 1990),
and still concentrate quality practices on the manufacturing function with little
increase in other areas (Sohal et al., 1997).
JIT manufacturing is the second pillar of production efficiency model in
Japan. It is exported abroad mainly through Japanese overseas subsidiaries of the
automotive industry.
The first national project in the application of JIT in Australia was
commissioned by the Technology Transfer Council (TTC) in 1985, which focused
on the implementation of JIT techniques on pilot plants. The objectives were to
determine the relevance and benefits of JIT, to develop an Australian version of JIT,
and to disseminate these experiences and consider future alternatives for JIT. Since
then studies on the impact of its implementation were presented by several authors.
A report by Tovey (1986), for instance, drew on the experience of 17 firms to
determine the impact of JIT on employee relations. Mortensen (1988) examined the
major impediments to the adoption of JIT and emphasised the importance of
creating a stable and harmonious industrial relations climate to enhance the
likelihood o f its favourable outcome. A more recent study by Ramsay et.al. (1990),
summarised in Sohal (1993), provided a more concrete guidance in form of a
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checklist of factors considered necessary to the company’s preparation for the
successful introduction of JIT.
Sohal (1996) also presented an excellent explanation of a company endeavour
in transforming itself into a lean production organisation through continuing support
from top management and cooperative workforce who were working together as a
team. While cultural barriers are more dominant than technical barriers for
implementation of JIT, little effort has been made to relate the application o f JIT
techniques, vis a vis the combination of JIT and TQM, to company performance.
Increased interest in TPM has been remarkable in the last ten years as
suggested by the dramatic growth in the number of companies implementing this
production paradigm (Arndt and Hausner, 1996). Australia is not the exception.
However, TPM is not the only means for improving production efficiency. Evidence
indicates that some leading best practice companies achieve superior performance
through simultaneous implementation of TQM, JIT and TPM (Enkawa, 1998).
In light of the above, the present study investigates the impact of concurrent
application of TQM, JIT and TPM on improved company performance, and towards
achieving manufacturing excellence. Australian manufacturing organisations are the
object of this study. As proven by Japanese manufacturers, this integration enables
them to attain improved quality, reduced cost, timely delivery, and high flexibility
simultaneously, which are the key concerns of manufacturers today in enhancing
their competitive position. Enkawa (1998) notices that in-depth research for
analysing and comparing mutually complementary production paradigms is rare.
Performance measurement can not be separated from the pursuit of
excellence in manufacturing. Measuring performance at the appropriate time and
using relevant indicators is one o f the requirements in attaining sustainable business
success in a demanding market (RSA, 1994). Eccles (1995) predicts that every
organisation, in the near future, will have to redesign the methods of measuring its
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business performance. Evidence suggests at least seven reasons for the need o f
revolution in performance measurement. These include the changing nature o f
work, increasing competition, specific improvement initiatives, national and
international awards, changing organisational roles, changing external demands, and
the power o f information technology (Neely, 1999). The application o f TQM, JIT
and TPM calls for a different system o f measuring performance from those applied
in the traditional system, since their use will have an impact on the creation o f the
seven conditions listed above.
To fill this gap, this study attempts to devise a comprehensive model for
guiding and measuring company performance in implementing the integrated

system. The philosophy o f the integrated system developed in this thesis is based on
a combination o f the fundamental principles of the three paradigms with the aim of
attaining synergic benefits more than when each method is implemented individually.
A comprehensive model means that the integrated model involves not only
the application o f certain techniques in a factory. It is a total business approach so
that all other tools and techniques related to the attainment o f production excellence
must also be considered. The achievement of excellence in manufacturing just at the
factory level will only gain a fraction of the competitive advantage (Basu and
Wright, 1997). The marriage of manufacturing, distribution, and marketing will
result in a powerful position that is not easy to imitate (Shapiro, 1988; Wild, 1995;
Schroeder, 1993).
The proposed model covers both the implementation and measurement of
company performance. The implementation model will guide organisations in
preparing, conducting, and maintaining continuous process improvement in
manufacturing through the application of the integrated techniques. The model o f
performance measurement will be useful in providing appropriate signs that promote
value-added productivity.
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1.3

Objectives o f the Research

Based on the pervious discussion, the objectives of this research are twofold:
a. To develop a comprehensive model combining TQM, JIT and TPM, which is
useful for guiding the implementation of the integrated production system
and measuring company performance towards achieving manufacturing
excellence.
b. To investigate an empirical evidence for the existence of synergy in the
relationship between application of the practices of the integrated production
system and the resulting performance.
1.4.

Research Questions

In the process of developing the integrated comprehensive model, three research
questions arise:
a. To what extent do Australian manufacturing organisations apply TQM, JIT
and TPM?
b. Is there any difference in performance between companies implementing and
not implementing TQM, JIT, and TPM?
c. How to guide the implementation of the integrated production system and
measure company performance in order to gain the full benefits of its
application?
The second objective brings about another research question:
d. Is there any synergy in the relationship between the application of techniques of
the integrated system and the resulting company performance?
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1.5.

Organisation o f the Dissertation

Chapter 1 describes the background and importance of the present research, its
objectives and research questions. A review of relevant literature concerning
previous research of the proposed topics is elaborated in Chapter 2. This includes
revisiting world class manufacturing and manufacturing excellence, reviewing
development and implementation of TQM, JIT and TPM, and scrutinising previous
models integrating these three methods. Chapters 3 and 4 discuss the theoretical
justification of the proposed model and clarify problems being tackled in the
research questions. Chapter 5 discusses development of the hypotheses and expected
results of the present study. Chapter 6 details research methodology. Chapters 7
and 8 present an analysis of data collected from the mail survey. Chapter 9 provides
a discussion of results of the mail survey and the case studies. Finally, Chapter 10
presents summary of the present study, its contributions to knowledge, its
limitations, and recommendations for further research.
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Chapter 2
Literature Review

2.1.

Introduction

As explained in the previous chapter, the primary objectives of this study are to
develop an integrated production system combining TQM, JIT and TPM aimed
at guiding a company in implementing the integrated system and measuring its
performance towards achieving manufacturing excellence, and to investigate the
existence of synergy in application of the techniques of the integrated system.
This chapter reviews some literature relating to development and implementation
of these three production paradigms, their association with the so-called world
class manufacturing (WCM) techniques, and their contributions towards
achieving excellence in manufacturing. The goal is to establish a new version of
WCM which will further be investigated in this research.
The discussion begins with revisiting world-class manufacturing and
manufacturing excellence. The elements, which in this study are presumably
considered to have a major contribution in the attainment of manufacturing
excellence and hence constitute WCM practices, are then analysed. Based on
this examination, and after consulting previous researches, this chapter
recommends a new WCM model which is an integration of TQM, JIT and TPM.
The suggested model is elaborated in Chapter 3.
2.2.

Revisiting World Class Manufacturing and Manufacturing Excellence

2.2.1. World Class Manufacturing
Manufacturing companies all over the world are constantly striving to improve
their competitive position by providing customers with higher levels of diverse
manufacturing outputs. What was acceptable in the past is not good enough for
today’s market. In order to be able to stay in business, a corporation must select
an appropriate production system that is best able to provide the manufacturing
outputs demanded by the customer (Miltenburg, 1995).

As the manufacturing arena has changed from one mostly defined by
national boundaries to one without any boundaries, manufacturers have to apply
world class practices in order to attain world class or excellent performance in
manufacturing. However, what is actually meant by the term ‘World Class
Manufacturing’ (WCM)?
The meaning of WCM changes over time in parallel with the intensifying
competitive pressures. Table 2.1 presents the ramification of WCM paradigms in
terms of their motivated models:
1. WCM Techniques

- Hayes and Wheelwright (1984).

2. WCM Framework

- Giffi, Roth, and Seal (1990).

3. WCM Principles

- Schonberger (1986, 1996).

4. The House of Gemba

- Imai(1997).

Hence, a new version and down-to-earth model will be established, by
analysing and identifying the strengths and weaknesses of these concepts.
Hayes and Wheelwright (1984) were among the first authors to address
the issues of trade-offs versus synergies in dealing with manufacturing practices
and performance. They termed the application of a set of best practices leading
to superior performance as world class manufacturing. Based on their
observation on successful Japanese and German companies, they recommended
US manufacturers to follow a number of critical practices implemented by their
world class overseas competitors, which these authors believe to constitute WCM
techniques. These include developing the workforce, establishing a technically
competent management group, competing through quality, stimulating worker
participation, and investing in state-of-the-art equipment and facilities.
There is no single best way to manufacturing excellence and approaches
should be adapted to the needs of a company and its environment (Hayes and
Wheelwright, 1984). Well-run factories around the world share many similarities,
such as cleanliness and orderliness, emphasis on quality and dependability, well-

Hayes and
W heelw right
(1984)
‘

Based on lessons learned from world class
com petitors in Germ any and Japan, these authors
offer US m anagers six suggestions to contem plate
in order to com pete in the world market:_________
Based on an exhaustive study o f the strategies and
operating practices o f leading m anufacturers, they
develop a W CM framework. The heart o f the
fram ew ork is quality and the customer. Interacting
with quality and the custom er are elem ents o f
m anufacturing organisation: m anagem ent approach,
m anufacturing strategy, m anufacturing capability,
perform ance m easurem ent, organisation , hum an
assets, and technology. Each elem ent has principles
o f w orld class m anufacturing practices. Executed in
concert, these principles m ay increase performance.

(1) Build skills and capabilities o f workforce; (2) Build technical com petence
throughout m anagem ent; (3) Com pete through quality; (4) Develop real w orker
participation; (5) Rebuild m anufacturing engineering; and (6) Im prove
increm entally rather than by strategic leans___________________________________

Schonberger
(1996) ’

Financial data are not the best indicators o f company
strength and prospects. This author proposes sixteen
‘custom er-focused principles’ or ‘principle-based
m anagem ent’ in order to compete in the next decade

The sixteen principles are grouped into: four general principles; one design principle; two
principles of operations; two principles o f hum an resources; two principles o f quality
and process improvement; two principles o f inform ation for operations and
control; two principles o f capacity; and one principle o f prom otion and m arketing

Imai (1997)

Based on his experience as a Kaizen consultant
for more than two decades, this author proposes
a common sense, low-cost approach to
management, which is called Gemba Kaizen.
This concept believes that a company will gain
full benefit from its workforce (Gemba) only if
it can manage them in accordance with the
principles of Kaizen.

Giffi, Roth,
and Seal
(1990)

______ _______

Schematic Model and Principles_______________
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T a b l e 2 .1 : C o m p a r i s o n

Authors

trained and high morale employees, and open communication between managers
and workers on a variety of issues aimed at continuous improvement. Although
this model is useful in terms of common practices to be followed, it is not readily
applicable without further elaboration of the implementation guidelines and,
more importantly, a set of practices to be followed.
Subsequently, several descriptions of WCM and accompanying sets of
practices appeared in the literature. The works by Giffi, Roth, and Seal (1990),
Schonberger (1996), and Imai (1997) are among the well-known recent concepts
of world class manufacturing.
As with Hayes and Wheelwright (1984), the work of Giffi, Roth, and Seal
(1990) was also motivated to warn the North American manufacturers against the
danger posed by overseas competitors and the slowness of response to this threat.
To overcome this, these authors proposed “World Class Manufacturing
Framework” based on their exhaustive study of strategies and operating practices
of leading manufacturers in the US and world wide,
The key point of this framework is that organisations must consider
‘quality’ as the top priority and that quality must be defined from the perspective
of the customer. They further argue that this interest has to be supported by
interacting elements of manufacturing organisation. These include management
approach, manufacturing strategy, manufacturing capability, performance
measurement, organisation, human assets, and technology. Each element has a
set of operating principles. These authors believe that, executed in concert, this
framework contains ingredients in attaining manufacturing excellence. Again,
this model does not provide a list of practices readily applicable as a guidance to
implementation.
While Hayes and Wheelwright (1984) exemplify the performance of
Japan and German companies as models of world class manufacturers,
Schonberger (1982; 1986; 1996) emphasises Japan and US manufacturers as
examples of superior achievement in manufacturing. Therefore, this author adds
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the development o f supplier relationship, product design and JIT, to the practices
mentioned by Hayes and Wheelwright (1984).
Schonberger’s description (1996) o f WCM in Table 2.1 is a revision of his
1986 WCM model (Schonberger, 1986). This author designates his 1996 model
as Management by Principles, which can be utilised as a tool to assess the
progress o f a company towards principles-based management (Schonberger,
1996). This author believes that these principles are the major thrust in
management in the next century, and apply to all organisations, not only to
manufacturers. Although these principles have been experimented successfully
to several companies (Schonberger, 1986), there is no evidence that they are
readily applicable to average or small-to-medium size companies. Similar with
quality audits, this assessment tool is very laborious to applied by companies
with limited resources.
The last model o f WCM in Table 2.1 originates from Imai (1997). Imai
(1997) does not term his concept ‘World Class Manufacturing’, calling it instead
‘the House of Gemba’.

However, it is believed that this concept deserves this

label (WCM) for the following reasons. Firstly, since his first publication (Imai,
1986), Kaizen is perceived as the ‘secret’ of Japanese firms in attaining and
maintaining superior performance in manufacturing. Secondly, the House of
Gemba portrays a bird’s-eye view of activities taking place on the shopfloor that
achieve improved performance of quality, cost and delivery. Thirdly, activities
on the shopfloor are more applicable and transferable than those in any other
parts of the company.
Based on his experience as a Kaizen consultant since early 1980s, Imai
(1997) emphasised the role of shopfloor workers (Gemba) in the application of
Kaizen in manufacturing, especially in improving and maintaining the standard,
developing 5S and good housekeeping, and eliminating all activities that do not
add value to the product. In addition to policy deployment, suggestion systems,
and small group improvement activities, this author cited TQM, JIT, and TPM as
infrastructure systems required for successful implementation of Kaizen on the
13

shopfloor. Hence, Imai’s concept of WCM was very useful in establishing a new
model o f WCM as described in the introduction o f this chapter.
The proliferation of WCM concepts in the last two decades can be viewed
as a ‘race’ toward manufacturing excellence. It was pioneered by Japanese
manufacturing companies with the development o f Just-in-Time Manufacturing
(Ohno, 1978), Total Quality Management (Ishikawa, 1985), and Total Productive
Maintenance (Nakajima, 1988), as the realisation o f their wishes to compete with
American competitors. Imai (1986) combined and placed these methods under
the umbrella of Kaizen, the uniquely Japanese practices that have helped
Japanese corporations in achieving and sustaining a competitive advantage based
on superior overall manufacturing capability.
Although no books with the title WCM or manufacturing excellence are
written by Japanese authors, almost all manuscripts on these matters discussed
about the practices developed or perfected in this country. In fact, the genesis of
Japanese manufacturing techniques was motivated by the recognition of Japan’s
lack o f natural resources and the attitude of her people towards work. Hence, the
dominant features of these world-class tools, which distinguish them from the
traditional manufacturing system, were involvement of all workers in realising
the organisational goals, and prevention, rather than correction, of problems in
the pursuit of production efficiency. These principles have inspired every recent
human oriented manufacturing initiative perfected in this country (TQM, JIT and
TPM).
2.2.2. Manufacturing Excellence
This section attempts to elaborate the meaning of ‘manufacturing excellence’
(ME). The use of WCM techniques should logically lead to ME. But unlike
WCM, few references of this term can be found prior to 1986. Table 2.2
presents the characteristics of manufacturing excellence in three publications.
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Table 2.2: The C haracteristics o f M anufacturing Excellence
Authors
Hall (1987)

Womack,
et al. (1990)

Pfeifer,
et al. (1994)

Main Characteristics
Proposed sixteen principles o f Manufacturing Excellence
1. Take a broad but physical view o f operations
2. Maintain an active program to understand customer needs.
3. Eliminates any activity that does not add value to the customer.
4. Make problems and conditions visible to everyone
5. Seek simple solutions. Keep it integrated.
6. Reduce variance in processes as much as possible.
7. Stop processes to stop defects, but try to failsafe processes.
8. Make maximum use of workplace organisation.
9. Keep maximum responsibility at the point of action.
10. Study and improve operations first.
11. Create flexibility (e.g. through employee cross-training).
12. Make maximum use o f repetitive potential in operations.
13. Try to make only what is wanted when wanted.
14. Physically organise operations for short lead times.
15. Base as few decisions as possible on forecasts.
16. Once developed, standardise practices
The core practices included in the lean production:
1. Team-based organisation,
2. Active shop-floor problem solving structures,
3. Lean manufacturing operations,
4. High commitment employee policies,
5. Supplier partnerships,
6. Cross-functional management, and
7. Retailing and distribution channels.
Five areas o f organisation contributed to the achievement o f ME
1. Business strategies,
2. Product development,
3. Production systems and processes,
4. Production plants, and
5. Environment.

Hall (1987) introduces the terminology manufacturing excellence to
elaborate matters fundamental to excellent production or to the management of
manufacturing in its broad sense. While technology may change in parallel with
the advancement of scientific discoveries, fundamentals of production do not
vary significantly (Hall, 1987). Although this author proposes sixteen principles
of manufacturing excellence, he recognises further that no such list can be
complete.
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ME can only be realised through the integration of skills in all functions of
the company with skills in production through skill-building endeavours in all
aspects o f the company (Hall, 1987). This author argues that excellence in one
specific area only is not enough, since local optimum for one division may
conflict with the overall optimum for the whole company. Moreover, ME can
only be realised when there exist both internal and external driving forces.
Achieving ME also means transforming the culture to include process
orientation and systematically deploying all tools and techniques in order to
optimise the overall company performance. In this context, process orientation
requires concentration of methods, tools, concepts, and philosophies currently
available for optimisation of the overall value added process (Hall, 1987).
Another phrase recapitulating a superior achievement in manufacturing is
given in an empirical five-year study by Womack, et al. (1990). These authors
term ‘lean production’ to the method of production which combines the best
features of both craft and mass production, while avoiding the high cost o f the
former and the rigidity of the latter. They add that its adoption will lead to
changes in almost every aspect of a company, from choices for customers, the
nature of work, its fortune, and, ultimately, the fate of nations.
The above study, which investigated almost 80 vehicle assembly plants
around the world, revealed that the champions of ‘lean producers’ were all
located in Japan. This result was confirmed in another study by Oliver, et al.
(1995), which related the performance and practices of 18 auto-components
plants in the UK and Japan. The latter study also found that five plants,
displaying high performance in both quality and productivity, were
headquartered in Japan.
Womack, et al. (1990) argued that excellent performance o f Japanese
firms was attributable to a set of practices covering internal management, and
extending to product design and supply chain management. The core practices of
the lean production include: team-based organisation, active shop-floor problem
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solving structures, lean manufacturing operations (low inventories, prevention of
defects, and just-in-time production); high commitment employee policies,
supplier partnerships, cross-functional management, and retailing and
distribution channels.
According to Pfeifer et al. (1994), the aim of ME is to realise innovative
production technologies in such a way that a firm can guarantee its customers
short delivery times, low prices, high quality and large product variety. These
authors suggest five diverse areas of organisation contributing to the achievement
of ME: business strategies, product development, production systems and
processes, production plants, and environment. Analysis and development of
competitive strategies, therefore, have to be preceded by a study of the changing
environment. They further argue that change is the only thing which is stable;
and it is most important to be innovative to cope with the changing boundary
conditions.
It can be implied from the above discussions that ME concerns with
company efforts to accommodate changes. Therefore, the present study defines
‘manufacturing excellence’ as:
‘a dynamic collection o f production fundam entals required to
generate sufficient capabilities in the fram ew ork o f satisfying everchanging customer demands in ever-changing environments
Are TQM, JIT and TPM innovative production paradigms in coping with
the changing conditions? This matter will be discussed in the next three sections.
2.3.

Total Quality Management (TQM) in Manufacturing

The genesis o f modem quality revolution can be traced back to three countries:
the United Kingdom, the United States, and Japan. The roots of managing for
quality were forged during the period of the Industrial Revolution in Britain in
the eighteenth century. The literature demonstrates many examples of this

** Pfeifer (1994) called the underlined words as changing boundary conditions
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country’s excellence of quality in the past It was ironic, however, that while the
English school o f statisticians had begun to lay the foundations of mathematical
statistics on which the techniques of statistical quality control depend (e.g.
Pearson, 1967), the fundamentals o f statistical quality control were laid in the
United States. This was primarily due to the British engineers5 ignorance of
statistics, the prejudice of managers, and Britain’s poor record of industrial
relations (Morrison, 1994).
Although the principles o f quality management in the USA were
originated in Britain, this country took its own way by adopting Taylor’s system
of scientific management at the end of nineteenth century (Juran, 1993). The
implementation of the mass-production system was characterised by the
emergence o f independent inspection departments using two important quality
assurance tools: control charts and tables for sampling techniques. It was quite
surprising that these significant contributions came from engineers, not from
statisticians (Morrison, 1994). Control charts were developed by a physicist
turned engineer, Walter Shewhart. Sampling plan tables were developed by an
engineer, Harold Dodge.
The development of quality management in Japan is quite different from
that in Europe and the USA. While adopting techniques of quality assurance
from the West, Total Quality Control/Management (TQC/TQM) is undoubtedly
perceived as the integrative strategic framework o f the Japanese company. The
Union of Japanese Scientists and Engineers (JUSE) defines TQC as:
"In addition to assured quality o f products and services, TOC demands
comprehensive control o f cost, production, delivery, safety, environmental
protection and any other activities pertaining either directly or indirectly to
quality o f performance. For this, from top to bottom in a company, each
person in each department including research, development, production,
materials, engineering and sales must be quality minded and aware o f the
statistical approach fo r the exercise o f control by repetition o f \plan-docheck-action ' in order to be able to co-operate systematically in the
implementation o f quality control fo r maximal efficiency as an operational
whole. ”
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It is apparent from the above statement that there is no difference between
TQC and TQM. In fact, total commitment and leadership of the senior
management is crucial for success of TQC activities. This is especially important
in ensuring the entire organisation’s commitment to quality', continuous
promotion of quality activities, employee motivation, and participation in
quality-related training and education and in quality assurance committees (Dale,
1994). In addition, the implementation of TQM in Japan has led to several
managerial innovations unique to this country, such as quality circles, supplier
relationships, cellular manufacturing, and hoshin planning (Ishikawa, 1985;
Akao, 1991).
TQM has been evolving rapidly. In the 1970s, simple inspection activities
were replaced or supplemented by quality control, subsequently, quality
assurance was developed and refined, and now many companies are working
towards managing and monitoring quality through inviting total participation of
employees from product development to product delivery with the objective of
meeting customer satisfaction (Dale et al., 1994). In Australia, a most significant
development, which has had a large influence on many Australian firms (Burke,
1997), is the definition of TQM by NIES (1992) as:
“the management approach that sustains a competitive advantage by
consistently exceeding the current and future expectations o f customers,
based on continuous improvement in all processes, goods and services,
through the creative involvement o f people.”
Until the end of 1980s TQM literature was replete with anecdotal articles
conveying the opinions o f quality gurus with little empirical evidence. The
prescriptions of Shewhart (1986), Deming (1986), Juran (1988), Crosby (1979),
Feigenbaum (1991), and Ishikawa (1985) are often cited in the literature. Table
2.3 presents the classical issues of quality management proposed by these
authors.
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Table 2.3: The Classical Issues of Quality Management
Issues

Shewhart Deming

Process management
Leadership
Supplier management
Quality systems
SPC
Teamwork
Quality policies
Zero defects
Training
Quality planning
Measuring quality costs

✓

✓

✓
✓
✓
✓

Juran Crosby Feigenbaum Ishikawa

✓
✓
✓
✓
✓

✓
✓
✓

✓
✓
✓
✓

✓

✓
✓
✓

✓
✓

✓
✓

✓

✓

✓

In addition to the ‘classical’ issues mentioned above, several authors state
other items important to the management of quality :
■ Garvin (1987) proposes eight principal dimensions o f quality to be
considered by managers in delivering products to their customers. These
include performance, features, reliability, conformance, durability,
serviceability, aesthetics, and perceived quality.
■ Camp (1989) suggests that companies conduct benchmarking: search for
and establish the best possible industry practices in order to improve their
operating performance. Zairi (1996) provides benchmarking guidance of
using customer feedback to verify the existence of a performance gap.
■ Oakland (1993) propounds harmonic customer-supplier relationship in the
production chain from raw material producers to end users.
■ Taguchi (1986) advocates the economic value of reducing variation
(Taguchi loss function). This author measures quality as the (avoidance of)
variation from the target value of a design specification, and failure to
reduce this variation may cause an economic loss to society.
■ Akao (1990) suggests companies, which have already practiced quality
tools, to integrate their quality effort by applying Quality Function
Deployment an instrument to deploy the customer required quality

characteristics into part characteristics, and then into engineering and
production requirements. This is an excellent means for facilitating
communication among divisions.
Beside the claims that TQM has contributed to the Japanese economic
miracle (Grayson and O ’Dell, 1988; Imai, 1986; Bessant, 1991) and to restoring
America’s economic competitiveness (Juran, 1993), several authors criticise
TQM as associated with excessive retraining costs, extravagant amounts of
management time, unrealistic employee commitment leverage, emphasis on
process over results, and failure to address the needs of small firms, service
firms, or non-profit firms (Fuchsberg, 1992; Schaffer and Thomson, 1992; Naj,
1993). Empirical studies have not shown that TQM firms consistently
outperform non-TQM firms (Mathews, 1992). Indeed, a TQM exemplar and
Deming Award winner ‘Florida Power and Light’ (FPL) virtually terminated its
program after employee complaints about excessive paperwork.
However, this view is criticised by several authors as having lack of
rigorous research methodology (Hausner and Arndt, 1999). The high levels of
spending on quality that enabled FPL to win the award produced unsustainable
losses which made it bankrupt within two years (Hill, 1993), and deliberate
ignorance of the actual reasons for their fate (Hendricks and Singhal, 1997).
The following paragraphs confirm the effectiveness of TQM programs.
Empirical studies investigating the impact of quality practices on organisational
performance appeared in the 1990s (see for example: Saraph et al., 1989; Powell,
1995; Hendricks and Singhal, 1997; Terzioski and Samson, 1998; Hausner and
Arndt, 1999). A summary of these articles is presented in Table 2.4.
Saraph et al. (1989) provide a synthesis of the quality literature by
identifying eight critical factors (areas) of quality management in a business unit.
The measures, which can be used individually or in concert to produce a profile
of organisation-wide quality practices, include: the role of management
leadership and quality policy, role of the quality department, training, product/
service design, supplier quality management, process management, quality data
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Important Findings

Comments

Saraph et. al.
(1989)

Eight critical factors of quality management: (1) role of management leadership
and quality policy; (2) role of quality department; (3) training; (4) product/
service design; (5) supplier quality management; (6) process management; (7)
quality data and reporting; and (8) employee relations.

This is the first systematic attempt to organise and synthesise
measures of quality management. After this effort, several papers try
to improve the measurement by adding some additional factors and
developing and validating TQM implementation constructs (see for
example Black & Porter (1996); Ahire et al. (1996)).

Powell (1995)

• TQM may or may not produce economic gain.

• Although economic benefits is the ultimate goal of every business
unit, instrument for assessing the effectiveness of TQM
implementation is mostly not concerned with the achievement of
profits. Organisational performance contributing to competitive
advantage is more important than just simply profits.
• Tacit, behavioural, imperfectly imitable features cited in Powell
(1995) are similar with “respect for human” or infrastructure
practices as mentioned by Sugimori et al. (1977) for JIT.

Hendricks &
Singhal (1997)

Terziovski &
Samson (1998)

• TQM success depends critically on certain tacit, behavioural, imperfectly
imitable features such as management commitment, open communication,
employee empowerment, and less upon such TQM practices as
benchmarking, quality-related training, flexible manufacturing, process
improvement, and performance measurement system.
• Although these practices may be indispensable to integrate TQM initiative,
they will not cause advantage in the absence of the intangibles.
Firms that have won quality awards outperform the control sample on operating
income-based measures. Not much improvement in operating income before
winning the quality award does not mean that implementing an effective TQM
program may not necessarily result in poor performance during the stage of
implementation. Hence, the worry about direct and indirect costs of
implementing TQM programs is unreasonable, since TQM programs cause at
least some early benefits that outweigh the costs of implementation.
• TQM does have a significant and positive effect on business performance,
operational performance, employee relations, and customer satisfaction.
• ISO certification is not significantly related to a variety of organisational
performance measures. Hence, the presence or absence of ISO certification
is a poor predictor of organisational performance and indeed of quality.

Hausner and
Arndt (1999)

• Very strong and positive correlation exists between results of Australian
Business Excellence Framework (ABEF) evaluation and bottom-line
performance indicators. The correlation is specially very promising to those
firms already using the Framework and those contemplating the use of it.
• The level of accomplishment in business results significantly correlates with
rivalry or entry barriers to the market.
• ABEF evaluation score is adequate to predict an organisation’s overall
performance with accuracy of about 65%.

NJ

K)

This study demonstrates the impact o f TQM implementation
on economic benefits. Although operating income-based
measures might be achieved after some period o f time, the
costs o f TQM implementation commensurate with the
attainment o f improved operating performance.
Again, this study demonstrates the impact o f implementing
TQM on several performance measures. On the contrary, ISO
certification seems to be an inferior assessor o f company
performance.

Again, this study demonstrates the existence of strong
correlation between evaluation score of quality award (ABEF)
and economic performance of an organisation. Also, some
factors over which companies have little or no control (e.g.
rivalry or entry barriers to the market) are indeed significantly
correlated with performance. Furthermore, the score can
predict two-third of variation in company performance.

Table 2.4: The Impact TQM Implementation on Organisational Performance

Articles

and reporting, and employee relations. The measures, found to be reliable and
valid, could be used by decision-makers to assess the status of quality
management effort in order to direct improvements in the quality areas.
While TQM has become a pervasive business model among Western
companies (Benson, 1993), the role of TQM as a strategic resource remains
unexamined. To see whether TQM is a potential source of sustainable
competitive advantage, Powell (1995) employs the resource-based theory to carry
out empirical research. The findings suggest that TQM may or may not produce
economic gains. TQM success appears to depend critically on certain tacit,
behavioural, imperfectly imitable features such as senior management
commitment, open communication, employee empowerment, and less upon such
TQM techniques and tools as benchmarking, quality-related training, flexible
manufacturing, process improvement, and performance measurement system.
Although these tools and techniques may be indispensable to the TQM initiative,
they will not produce performance advantage in the absence of the intangibles.
Therefore, Powell (1995) recommends that firms focus their efforts on creating a
culture in order to permit these tools and techniques to flourish.
It appears that there is similarity between tacit, behavioural, imperfectly
imitable features cited in Powell (1995) and “respect for human” system as
mentioned by Sugimori et al. (1977) for the JIT system. In the integrated system
proposed in this study, this group of techniques is classified into common
infrastructure practices
Very few studies evaluate the impact of TQM and related practices on
bottom-line measures on a longitudinal basis, where the net benefits of TQM
programs are examined both before and after the effective implementation of
TQM to capture both the one-time and the on-going costs, as well as benefits, of
implementation. Hendricks and Singhal (1997) provides empirical evidence on
whether the implementation of TQM programs affects operating performance of
firms. These authors use winning of quality awards as an indication of the
effective implementation of TQM programs.
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The above study shows that there is a strong evidence that the winners of
quality awards outperform those which do not, based on operating income
measures. Further evidence indicates that there is not much improvement in
operating income before winning the quality award. This suggests that
implementing an effective TQM program may not necessarily result in poor
performance during the stage of implementation. Managers’ worry about the
direct and indirect costs of implementing TQM programs is unreasonable. TQM
programs provide at least some early benefits that outweigh the costs of
implementation. Also, there is reasonably strong evidence that the winners do
better on sales growth than those which do not.
Addressing managers’ confusion of TQM and ISO 9000, Terziovski and
Samson (1998) investigate the relationships between TQM and ISO 9000
certification with organisational performance. Four types of strategy are
constructed as part of Quality Management Strategy Grid (see Figure 2.1).
Conformance
Type 1 - Proactive ISO 9000 Strategy

Type 4 - Integrated Quality Strategy

•

ISO 9000 certification

•

TQM and ISO 9000 certification

•

No TQM

•

Performance sustainable

•

Performance not sustainable

Type 2 - Reactive ISO 9000 Strategy
•

Low performance

Type 3 - TQM Strategy
•

TQM in place

•

No ISO 9000 certification

Performance
ISO 9000

TQM

Figure 2.1: Q uality M anagem ent Strategy Grid
Source
: Terziovski and Sam son (1998)

This study reveals that while TQM does have a significant and positive
effect on a variety of company performance measures, ISO 9000 certification
does not. For TQM, the relationship weakens when company size is considered.
These findings are consistent with those of Garvin (1988). These authors point
out further that the presence or absence of ISO certification is a poor indicator of
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organisational performance. This is understandable since the TQM strategy
guides a company to pursue continuous improvement on products and processes
in order to increase customer satisfaction, whereas the main purpose of ISO 9000
certification is to formalise the achievement of a company. The best strategy is a
combination of TQM and ISO 9000 certification.
The lack of evidence of the effectiveness of the Australian Business
Excellence Framework (ABEF) has led to its reduced usage in Australian
industry. To overcome this problem, Hausner and Amdt (1999) conduct a study
to verify the relationship between evaluation score of using ABEF and bottom
line measures of performance. This study demonstrates the existence of very
strong and positive correlation between results of ABEF evaluation and bottom
line performance indicators. The correlation is specially very promising to those
firms already using the Framework as well as those.contemplating the use of it.
Significant correlations exist between the level of accomplishment in business
results and rivalry or entry barriers to the market, which are factors over which
companies have little or no control. Hence, ABEF evaluation score can
adequately predict an organisation’s overall performance with an accuracy of
about 65%. This suggests that company performance is also affected by other
factors not included in this study.
In the pursuit of quality, Japanese manufacturers apply not only TQM, but
also JIT and TPM, under which various initiatives are brought together as an
integral part of the company’s business plans and translated into a company-wide
effort (Dale, 1994). In contrast to the Western system, where the initiatives
being pursued are often segmented and somewhat fragmented, and are the
responsibility of individual departments and people, the existence of TQM, JIT,
and TPM in Japan helps the improvement activities and give teams a clear focus.
2.4.

Just-in-Tim e (JIT) M anufacturing

JIT manufacturing originated in the Toyota Production System in Japan, when
Taiichi Ohno, the then Vice-President of Toyota Motor Company, contemplated

creating a system of production in which ‘the right parts needed in assembly
reach the assembly line at the time they are needed and only in the amount
needed’ (Ohno, 1978). It is a powerful method for simultaneously pursuing
quality improvement, cost reduction, shortened delivery times, and flexibility.
The application of JIT has been widespread, including both repetitive and non
repetitive production systems (White, 1990), developing countries (Cheng, 1988;
Lawrence and Lewis, 1993, 1996; Sukarma and Arndt, 1997), even service
industry (Billesbach and Schniedemans, 1989) and administration (Mehra and
Inman, 1990). However, problems in its use remain unsatisfactorily resolved
(Voss, 1988; Storey, 1994) so that studies in this area are still challenging to
many researchers.
In line with its world-wide recognition, the definition of JIT has changed
continuously. One of the comprehensive definitions is given by Harrison (1992)
as ‘a combination o f a set o f beliefs which in turn are supported by three basic
elements and is furnished with a series o f tools and techniques fo r materialising
manufacturing excellence.’ This definition is very broad, more than a series of
techniques to realise a just-in-time production, as many authors conceived, but it
is a philosophy of production to pursue excellence in a company. This author
views TQM as one of the basic elements of JIT, besides elimination of waste and
people preparation, while TPM is regarded as one of the JIT techniques.
Hundreds of articles have been written about JIT. Several review papers,
such as Sohal et al. (1989), Harber et al. (1990), Gilbert (1990), Golhar and
Stamm (1991), and Goyal and Deshmukh (1992), provide a good start for
understanding the state of JIT development and implementation outside Japan.
Table 2.5 provides the summary of these articles.
One important conclusion from these papers suggests that JTT involves all
aspects of management, from procurement of inputs, management of
transformation (value-added) process, up to distribution o f outputs. Full benefits
of its implementation, therefore, requires a total business approach, and not just
restricted to the management of production. Moreover, the success of JIT

demands substantial changes in corporate culture, from the functions of
management to the roles of individual workers. This necessity, which is the
most difficult requirement facing new companies implementing JIT, is in
accordance with the result provided by Lee and Ebrahimpour (1984).
Table 2.5: The Sum m ary o f JIT Review Articles
Articles

Conclusions

Sohal et al.
(1989)

Western companies need to modify JIT
to take into account the local factors.

Harber et al.
(1990)

The modification envisaged would be a
step back from the full-scale total
company wide commitment to a new
style o f working together.

Gilbert
(1990)

JIT should not be used primarily to
pressure suppliers to speed up delivery
and reduce batch sizes. Instead, JIT
should be implemented throughout the
production chain by maintaining
harmonic relationship.

Golhar &
Stamm

The success o f JIT depends on the
application o f four basic tenets:
elimination o f waste, employee
involvement, supplier participation, and
total quality management.

(Ì 991)

Goyal &
Deshmukh
(1992)

General Conclusions
1. JIT involves all aspects
of management. It
requires a total
business approach to
gain its full benefits.
2. Its success demands
changes in corporate
culture from the
functions o f
management to the roles
o f individual workers.

High awareness o f JIT in the West does
not seem commensurate with its
implementation. Many apparent
success stories may not be directly
transferable to other firms.

Other suggestions proposed by those review articles are worth considering.
Sohal et al. (1989) recommend that JIT-implementing companies in the West
modify the JIT system to take into account the local factors such as labour
relations, existing management style and agreements. In this context, Harber et
al. (1990) add that the modification envisaged would be a step back from the
full-scale total company wide commitment to a new style of working together.
They also emphasise people aspects, not production methods or techniques, to be
the main issues that should be addressed wisely. Furthermore, Gilbert (1990)
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warns that the JIT system should not be used primarily to pressure suppliers to
speed up delivery and reduce batch sizes. Instead, the JIT system should be
implemented throughout the production chain from raw materials producers to
end users by maintaining a harmonic customer-supplier relationship, one of the
principles of TQM (Oakland, 1993), in each stage of production process.
A review of 211 articles from 1970 to 1990 by Golhar and Stamm (1991)
provides a clearer understand ing of factors related to the success of JIT. They
argue that the success of JIT implementation depends on the application of four
basic tenets: elimination of waste, the involvement of employees in decision
making, supplier participation, and total quality control (management). Although
it is not the first paper proposing the basic principles of JIT (see for example:
Sugimori et.al., 1977; Hannah, 1987), this paper reviews the largest number of
articles related to the JIT system.
A critique of the literature on JIT by Goyal and Deshmukh (1992) is also
meaningful. Despite high awareness of the JIT system in the West, they argue,
its implementation does not seem commensurate with awareness. Many apparent
success stories may not be directly transferable to other firms. An interesting
result from this article is that organisations in developing countries can gain a lot
by adopting JIT. In relation to the present study, this paper proposes two
research agenda. Firstly, a study on JIT implementation covering total business
approach is required, since the essence of JIT success lies in continual
improvement of quality and productivity in every aspect of the company.
Secondly, research for designing a comprehensive performance measurement
system comprising effective indices is required (Crawford and Cox, 1990) to
support the implementation of JIT.
The use of JIT in a specific country or culture, as well as a comparison
between two countries, is often analysed. Im and Lee (1989), Gilbert (1990),
Billesbach (1991), Ahmed et.al. (1991), White (1993), and Chang and Lee
(1995) investigate the adoption o f JIT in the USA. Voss and Robinson (1987)
28

survey JIT implementation in the UK. Clark and Mia (1993), Ramsay et.al.
(1993), and Sohal (1996) review the application of JIT in Australia. The states of
JIT implementation in Germany, Italy and Spain can respectively be seen in
Wildemann (1988), Bartezzaghi (1992) and Zantinga (1993). Finally, the
comparison of JIT implementation in the USA and in the UK is studied by
Billesbach et al. (1991).
It can be inferred that manufacturers outside Japan adopt JIT for closing
the gap with their Japanese competitors in respect to productivity and quality. In
the USA, JIT practices have been implemented and their benefits have been
attained by all manufacturing firms regardless of the size and type of operations.
Unfortunately, many Western companies tend to apply only the practices that are
easy to implement and yield quick results rather than those which are more
difficult but might generate long-term benefits (Voss and Robinson, 1988; Gilbert,
1990). The most effective performers will not utilise JIT primarily to pressure
suppliers to accomplish goals of reducing inventory and increasing quality, until
they themselves are able to perform JIT techniques and realise those goals.
Several articles analysing factors potentially affecting the application of
JIT are important (Celley et.al., 1986; Crawford et.al., 1988; Im and Lee, 1989;
Golhar et.al., 1990; Inman and Mehra, 1990; Vora et.al., 1990; Ahmed et.al,
1991; Billesbach, 1991; Mehra and Inman, 1992). It is difficult to generalise the
finding of these studies. The factors most often mentioned as influencing the
success of JIT implementation include top management commitment, availability
of resources, employee participation, firm size, the presence of unions, employee
turnover, demand patterns, skill requirements, and supplier participation.
Mehra and Inman (1992) identify twenty factors as vital to the success of
JIT implementation and further classify them into four categories: JIT
production strategy, JIT vendor strategy, JIT education strategy and management
commitment. In contrast to prevalent arguments, the findings of these authors
reveal that while JIT production and vendor strategies have crucial effects on the
success of JIT, management commitment and JIT education strategy do not
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appear to significantly influence the success of JIT. In regard to these findings,
the authors infer that elements included in both JIT production and vendor
strategies, such as group technology, preventive maintenance and quality
certification of suppliers, are JIT-specific implementation issues; hence, their
application will certainly improve firm performance. On the other hand,
management commitment and JIT education strategy are generic implementation
issues applicable to a variety o f situations. Thus, while the benefits from their
application can not be ignored, to a certain extent, their absence might still be
compensated for by the implementation of actual JIT practices united under JIT
production and vendor strategies.
2.5.

Total Productive M aintenance (TPM)

As production systems are increasingly more complex with the introduction of
new technologies, an innovative method of operating and maintaining equipment
has to be established in order to be able to gain its fullest advantage. According
to a study reported by Mobley (1990), maintenance activities in a factory account
for an average of 28 percent of the total cost of finished goods. This number can
be even higher with the introduction of more robots, automated equipment, and
increased use of computer-aided devices. Total Productive Maintenance (TPM),
equipment maintenance performed on a company wide basis (Nakajima, 1988),
has proven to be the innovative way of managing physical assets.
Nippondenso Co., a well-known supplier of electrical parts to Toyota, was
a pioneer in implementing TPM in 1969 after this company reaped a great
success for executing preventive maintenance and TQM. Since then, TQM, JIT
and TPM cannot be separated from Japanese manufacturers in their efforts to
ever increasing quality and productivity.
According to Nakajima (1988), the concept of TPM includes the
following five elements:
(1) Maximising overall equipment effectiveness (OEE);

(2) Establishing a thorough system of preventive maintenance (PM) for
the entire life of the equipment;
(3) Implementation by various divisions in a company (engineering,
operations, maintenance);
(4) Involves every single employee, from top management to the workers
on the floor;
(5) Promotion of PM through motivation management: autonomous small
group activities.
The word ‘totaP in TPM has three meanings (Nakajima, 1988):
(1 ) Total effectiveness (refer to item 1 above) indicates pursuit of
economic efficiency and profitability in TPM;
(2) Total maintenance system (item 2 above) includes maintenance
prevention (MP) and maintainability improvement (MI), as well as
preventive maintenance (PM).;
(3) Total participation o f all employees (items 3, 4, and 5 above) includes
autonomous maintenance by operators through small group activities.
TPM can be seen as a logical extension of TQM (Arndt, 1995). The idea
behind TPM is to encourage production workers to assume responsibility and
become more involved in making equipment reliable (Campbell, 1995). Several
equipment maintenance tasks, such as lubrication, adjustments, and minor repair,
that used to be performed by technicians are transferred to operators. TPM is
aimed at attaining and maintaining optimal equipment conditions as well as
preventing rather than correcting unexpected breakdowns, speed losses, and
quality defects in process (Nakajima, 1988). It is also reasonable, since 40% of
the traditional maintenance mechanic’s work could be done by operators with
minimal training, another 40% could be performed with additional training below
certified level, and only 20% of the maintenance tasks actually required a
certified mechanic’s skills (Tonkin, 1989).
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As stated above, TPM aims at maximising overall equipment
effectiveness, where OEE is formulated as the multiplication of equipment
availability (A), performance efficiency (E), and quality rate (Q). Nakajima
(1988) assigns an OEE of 85% (A=0.90, E=0.95, and Q=0.99) as being world
class, while Kotze (1993) assumes an OEE o f 50% as being reasonable for non
Japanese manufacturers.
Against this difference, Blanchard (1997) observes that non-Japanese
manufacturers have made great progress in the area of organisational
development (the third meaning o f ‘total’ in TPM), but very little progress has
been made relative to the improvement of equipment effectiveness through
redesign or reengineering (the second meaning of ‘total’ in TPM). In order to
reduce this gap, this author suggest non-Japanese manufacturers to enhance their
efforts in the area of MP and MI (the second meaning of ‘total’) by applying “an
integrated life-cycle approach to factory maintenance and support.” Basically,
this refers to ‘maintenance-free’ design through the incorporation of reliability,
maintainability and supportability characteristics into the design of equipment.
The application of TPM techniques has increased significantly in Japan
during the 1980s. Its adoption by other countries only happened in recent years.
Based on a survey in the USA, over 60 companies were identified as being active
in implementing TPM (Dyer, 1991). In Europe, only 25 - 30 % medium and
large companies systematically apply TPM (Gibertoni, 1995). In Australia,
interest in TPM has increased remarkably in the last ten years, and TPM annual
networking is conducted every year (Arndt and Hausner, 1996).
What contextual factors are most likely to affect TPM implementation?
McKone et al. (1999) examine this relationship using data from 97 plants in three
countries (Japan, USA, and Italy). While there is sufficient evidence that the
location of companies explains differences in TPM implementation (as expected,
Japan has a greater level of all TPM practices, followed by USA and Italy), the
link between the adoption o f TPM and industries (machinery, electronics, and
automotive) is inconclusive.

Interestingly, this study reveals that organisational factors (size, type and
age of equipment, plant age, union) may not limit a firm’s ability to implement
TPM. Factors that indeed influence companies to implement TPM are associated
with the direction of plant management. For example, plants which implement
JIT, TQM, and Employee Involvement may also consider using TPM. Like
TQM, but unlike JIT, TPM seems to be applicable in different environments and
in various types of organisations.
After reviewing WCM and its elements (TQM, JIT and TPM), the next
important issue is: How are these elements integrated in such a way that they
together establish the basis for achieving manufacturing excellence? The next
section attempts to address this matter.
2. 6.

Previous M odels o f the Integrated Production System

The importance of the integration of TQM, JIT and TPM in achieving
manufacturing excellence is originally contemplated by Hall (1987). This author
argues that the cnew approach’ to manufacturing is basically a pragmatic
philosophy distilled from worldwide experience through combining the best and
simplest practices and inventing an elegant whole for a given application. What
are the best and simplest practices included in the approach?
Hall (1987) adds further that most companies honestly following the
philosophy describe their approach in three overlaying categories of work: TQM,
JIT manufacturing and Total People Involvement. This statement accords with
Gilbert (1990)’s description of JIT system as comprising of three management
thrusts: JIT production management, total quality assurance, and total preventive
maintenance. Both authors, however, do not explicitly mention Total Productive
Maintenance. They might have not been influenced by the TPM movement since
the promotion o f TPM has just begun not long ago.
Table 2.6 presents previous versions of the integrated models, and
suggests the integrated model of the present study.

TQM Practices

Flynn et al. (1995a)
•
•
•
•
•
•
•
•

Management commitment
Customer relationship
Supplier relationship
Work force management
Work attitudes_________
Product design process
Process flow management
SPC and feedback

JIT Practices

Sakakibara et al. (1997)
•
•
•
•
•

Quality management
Work force management
Manufacturing strategy
Organisational characteristics
Product design____________

•
•
•
•
•
•
•
•

Information feedback
Plant environment
Management support
Supplier relationship
Work force management
Statistical process control
Product design
Customer focus

•
•
•
•
•
•
•
•

Problem solving
Employee involvement and empowerment
Supplier relationship
Workplace environment
Other continuous improvement tools
Product design
Customer focus
Process management

•
•
•
•
•
•

Set-up time reduction
Schedule flexibility
Maintenance
Equipment Layout
Kanban
JIT Supplier relationship

•
•
•
•

Kanban
Lot size reduction
JIT scheduling
Set up time reduction

•
•
•
•

Set up time reduction • Uniform workload
Focused factory
• JIT scheduling
• Kanban
Group technology
Pull production
system

TPM Practices

Manufacturing
performance

• Perceived quality market
outcome
Percent passed final
inspection with no rework

•
•
•
•

Inventory Turnover
On-time delivery
Lead time
Cycle time

• Cycle time
•
• Quality performance
• JIT performance

Measure of
competitiveness
(business
performance)

Competitive advantage

•
•
•
•

Quality
• Overall
Cost
advantage
Delivery
Flexibility_______________

• Competitive advantage

4 *

The Suggested Model

Flynn et al. (1995b)

Eqpmt. management & improvement by teams
Preventive maintenance
Autonomous maintenance
Maintenance prevention
Maintenance management system
In process defects
Eqpmt. availability
Return of products
Eqpmt. performance
efficiency
Manufacturing costs
Labour productivity
Maintenance costs
Inventory turnover
Employee moral and
motivation
On-time delivery
Accident frequency
Lead time
Capital investment
Cycle time
efficiency
Space efficiency
Quality
Cost
Delivery
Flexibility

T a b le 2.6: S e v e r a l V e r s io n s of The I n t e g r a t e d M o d e ls

Practice and
performance
Common
Infrastructure
Practices

These models not only specify the relationship between the application of
practices and improved business performance, but also provide the improvement
activities a clear focus by relating what intermediate manufacturing performance
can be achieved through the application o f practices. Recent studies investigating
the relationship between implementation o f JIT and TQM practices and company
performance are reported by several authors. These authors divide the practices
into common Infrastructure practices, TQM practices, and JIT practices.
Performance is categorised as manufacturing performance and measure of
competitiveness (business performance).
The first study (Flynn et al., 1995a) investigates the impact of applying
Infrastructure and TQM practices to company performance. These authors find
that competitive advantage is a multifaceted construct. Although perceived
quality market outcomes and the percent of items that pass final inspection
without requiring rework both significantly contribute to its variance, roughly
two-thirds of the variability remains to be explained by other factors. Therefore,
focusing solely on TQM practices may not be a sufficient means for a plant to
achieve and sustain its competitive position. The use of other strategies (e.g. JIT,
TPM) could be the additional factors important in explaining competitive
advantage (Hall, 1987).
The major conclusion of the second study (Sakakibara et al., 1997), which
relates the use o f Infrastructure and JIT practices to performance, is that JIT is an
overall organisational phenomenon. JIT practices alone do not have direct effect
on company performance, unless when they are used to build or in concert with
infrastructure practices, especially quality management, manufacturing strategy,
and workforce management. This evidence confirms previous findings that
companies attempting to employ core JIT techniques fail to improve their
performance when other issues are not considered (Golhar and Stamm, 1991).
The third study by Flynn et al. (1995b) provides further empirical
evidence on the relationship between TQM and JIT practices and company
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performance. It shows that although TQM and JIT function effectively in
isolation, their combination yields synergies that lead to additional performance
improvement. TQM practices interact with common infrastructure practices and
JIT practices to reduce cycle time. JIT practices interact with infrastructure
practices and TQM practices by exposing opportunities for process improvement
and reducing the potential for spoilage through the reduction of inventories.
In attempting to explain competitive advantage in terms of more precise
and detailed elements, the present study proposes the suggested integrated model
combining the implementation of TQM, JIT and TPM. The importance of this
integration has been explained in detail in the previous sections. Similar to the
above models, the proposed integrated model consists of a collection o f practices
belonging to common Infrastructure, TQM practices, JIT practices, and TPM
practices. There are 38 practices or techniques. It also involves 15 manufacturing
performance indicators, and four business performance indicators. Apart from
these, the suggested model portrays a comprehensive flow process mechanism
covering three major manufacturing activities: input, technological and output
activities. A detailed description of the integrated production system is given in
the subsequent two chapters.
2.7.

Conclusion

This chapter has explained in detail the importance of the integrated production
system in achieving manufacturing excellence. In doing so, world-class
manufacturing and manufacturing excellence are revisited. Four models of
WCM and three concepts of ME are reviewed. While being trustworthy as
guiding principles, these models are not sufficient and not readily applicable as
guidelines of implementation. Beside not providing lists of practices, these
models do not clarify how the achievement of manufacturing excellence can be
realised through the application o f their accompanying techniques. The fourth
model of WCM by Imai (1997) appears to be a good start o f developing the
integrated model suggested by the present study. This model incorporates the
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principles o f TQM, JIT and TPM, and the synergy o f their implementation will
be investigated in the present study.
Each element, which in this study is considered to constitute WCM, is also
elaborated. TQM literature has progressed very fast in the last ten years. The
impact of TQM on organisational performance is reviewed in detail. JIT appears
to be the most difficult strategy to follow for by Western manufacturers. Its
success requires not only a total business approach but also demands changes in
corporate culture. On the other hand, the TPM movement has just begun in recent
years. Hence, TPM literature, especially empirical studies in Australia, has
developed not as progressively as JIT and TQM literature.
Previous models o f the integrated system are reviewed. The review
indicates that concurrent implementation of TQM, JIT and TPM will result in
greater outputs than with isolated application of each strategy. The existence of
synergy in the application o f TQM and JIT leading to additional performance
improvement has been demonstrated by Flynn et al. (1995b) in the previous
section. But the incorporation of TPM in the integrated production system has
never been empirically investigated.
The present study is the first effort of such a combination. It requires an
empirical evidence to confirm its validity. In doing so, a theoretical foundation
explaining the proposed integrated system is established in Chapters 3 and 4.
The development of hypotheses and expected results of this study will be
discussed in Chapter 5. A rigorous research methodology necessary to prove the
effectiveness of the proposed production system is presented in Chapter 6.
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Chapter 3
The Integrated Production System
3.1.

Introduction

The importance of the integration of TQM, JIT and TPM has been elaborated in
detail in the previous chapter. As stated earlier, the main objective of this study is
to develop an integrated model combining these three paradigms. This model
can be utilised to guide a company in implementing the integrated system and
improving its performance towards achieving manufacturing excellence. Hence,
before generating hypotheses and discussing the research methodology, the
remaining issues that need to be clarified are as follows:
1. What is meant by the integrated model (production system) in this study?
2. How is the integrated model used to guide a company in implementing the
model and measuring company performance in attaining the full benefits
of its application towards achieving manufacturing excellence?
3. What is the relationship between the application of techniques of the
integrated production system and company performance?
4. Can the relationship between application of techniques of the integrated
production system and company performance be optimised?
This chapter focuses mainly on answering the first question. It is done by
(1) establishing a theoretical perspective for understanding the integration of
TQM, JIT and TPM; (2) elaborating the accompanying set of practices; and (3)
suggesting a method for measuring and monitoring company performance. The
purpose of these discussions is to demonstrate that the implementation of the
integrated production system may bring about synergistic effects in improving
company performance, and hence, in achieving manufacturing excellence.
While the first question mainly concerns the philosophy of the production
system, the remaining pertain to more dynamic issues involving input,

manufacturing, output, and feedback activities. Their elaboration is therefore
postponed until the next chapter. However, all four issues are interrelated in the
sense that together, they constitute a new perspective on achieving manufacturing
excellence.
3.2.

The Theoretical Perspective o f the Integrated Model

The integrated production system proposed in the present study is defined as “a
combination o f a set ofprinciples belonging to TQM, JIT and TPM which in turn
is equipped with the accompanying set o f techniques and tools (practices) fo r
achieving manufacturing excellence. ” As mentioned in the previous chapter,
manufacturing excellence is “a dynamic collection ofproduction fundamentals
required to generate sufficient capabilities in the framework o f satisfying everchanging customer preferences in an ever-changing environment. ” Therefore,
manufacturing excellence implies continuous improvement in performance and
capabilities.
It is clear from the above definition that the integrated model brings
together the principles and practices pertaining to TQM, JIT and TPM. In fact,
these methods of production share some common principles, historical settings,
as well as goals. The pursuit of incremental and continuous improvement
(Kaizen) and innovations based on objective observation of actual conditions and
phenomena represent an important principle which is common to all these
paradigms (Enkawa, 1998). Pressing needs to meet new requirements demanded
by the competition characterise similar historical imperatives upon their advent
(Enkawa, 1998). The latter issue will not elaborated further, because it is not
really relevant to the present study.
In terms of achievement of goals within the framework o f satisfying everchanging customer demands and environment, these production methods share
mutually complementary objectives (see Figure 3.1). TQM, JIT and TPM aim
respectively at improving quality (Q), delivering products just-in-time (D), and
reducing costs (C) through elimination of equipment-centred losses.
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TQ M

Figure 3.1: M utually Com plem entary Goals among TQM, JIT and TPM
Note: A fter Enkaw a (1998)
Implemented in concert, these production methods may also yield synergy.
For example, both JIT and TPM contribute to quality improvement by reducing
inventory, hence exposing opportunities for process improvement, and by
reducing defects due to equipment-related problems respectively. Table 3.1
exhibits possible synergies in their concurrent implementation by showing the
principles of each method, the shared principles, and their contribution, both
directly and indirectly, to the achievement of goals in terms of improving quality,
reducing cost, as well as enhancing delivery and flexibility performance.
The principles o f TQM, JIT and TPM have been quoted in many books
and articles. The TQM principles in Table 3.1 include the prevention of defects
(e.g. via product design) and continuous process improvement (e.g. Juran, 1988),
and customer focus (e.g. AQA 1999 model). They agree with those cited by
Flynn et al. (1995a, 1995b) and critical factors of TQM such as training, employee
relations, product design, and process management (Saraph et al., 1989).
The four principles of JIT in Table 3.1 originated from Sugimori et al.
(1977). They are (1) withdrawal by subsequent process (pull system); (2) one
piece production and conveyance; (3) levelling of production; and (4) elimination
of waste. The ‘respect for human’ principle is not included in JIT principles;
instead, it is part of the common or shared principles. For the same reason, the
40

third principle of TPM (Nakajima, 1988), that is, total employee participation, is
considered as a common principle with a different name: employee involvement
and empowerment.
Table 3.1: Possible Synergies o f TQ M , JIT and TPM
References
(e-g-)

P rin c ip les

Contribution to perform ance in:
Quality

Cost
►
t>
>

>
>
>

Delivery Flexibility

TQM principles
• Prevention o f defects

Juran (1988)

• Process improvement

Juran (1988)

• Customer focus

AQA model

►
►
►

• Pull system

Sugimori et al (77)

>

►

►

• One piece production

Sugimori et al (77)

>

• Levelling o f production

Sugimori et al (77)

• Elimination o f waste

Sugimori et al (77)

>
>

►
►
►

►
►
►

t>
t>

►
►

t>
>

>
t>

0
>
>

JIT principles
>
>
>
t>

TPM principles
• Total effectiveness

Nakajima (1988)

• Total maintenance system Nakajima (1988)

Common principles
• Kaizen and innovations

Enkawa (1998)

>

>

t>

>

• Employee involvement
and empowerment

Sugimori et al (77)

>

>

>

>

• Supplier management

Deming (1986)

>

t>

t>

>

Notes

: ► direct

D> indirect

Having shown that possible synergies leading to improved performance
may be achieved when a manufacturer follows the principles pertaining to TQM,
JIT and TPM, a further question may arise: How do the three production
methods interact with one another and lead to synergies?

The answer lies in

what is called ‘the framework o f the integrated model\
Figure 3.2 presents the proposed framework of the integrated model, or
essentially a new framework of WCM. Besides consulting the four WCM models
in Chapter 2, the framework of the integrated model is mainly derived from the
definition of WCM as ‘capturing the breadth and essence o f the fundamental
changes taking place in industrial enterprises' Schonberger (1986).
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Legend:
JIT = Just-in-Time Manufacturing
TQM= Total Quality Management
TPM = Total Productive Maintenance
HRM= Human Resource Management
WM = Workplace Management
SM = Supplier Management

Figure 3.2: The Fram ework o f the Integrated M odel
(A N ew Fram ework o f W CM )
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The present study is particularly concerned with recent developments in
new approaches to managing quality (TQM), JIT manufacturing, and to managing
equipment (TPM). However an infrastructure is required to support their
implementation for these approaches to be effective (Sugimori et al, 1977; Flynn
et a l, 1995b; Nakamura et a l, 1999). Therefore, new approaches to managing
human resources, workplace and suppliers, and other continuous improvement
methods must be applied at the same time and these constitute the infrastructure
for implementing TQM, JIT and TPM.
HRM lies in the center of the infrastructure circle. In other words, HRM
plays a critical role in supporting the other approaches. The ‘core’ approaches
for enhancing company performance rely on the implementation of TQM, JIT
and TPM. The implementation of TQM not only contributes directly to improved
performance in quality, but, as seen in Figure 3.2, it also indirectly leads to the
improvement of other performances. The use of TQM, JIT and TPM is primarily
determined by the priority of goals that a manufacturer wishes to achieve. If a
manufacturer chooses to compete on delivery and cost, then JIT might be more
appropriate. The concurrent implementation of the three methods, however, will
undoubtedly result in superior performance.
This framework does not stand alone. It requires companies to use WCM
techniques and to adopt methods of measuring and monitoring performance
which, in some cases, are quite different from those of the traditional system.
These matters will be discussed in the next two subsections. Also, this
framework is part of a bigger, continuous improvement framework for
implementing and measuring company performance towards achieving
manufacturing excellence. This is one of the advantages of the current model.
3.3.

Practices o f the Integrated Model

In order to guide a company to implement the integrated model, the framework
has to be translated into a set of practices. Table 3.2 presents a complete list of
38 practices (tools and techniques) belonging to the integrated model. They are
classified into common infrastructure, TQM, JIT and TPM practices.
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Description

These include check-sheets, cause-and-effect diagrams, histograms, Pareto analysis,
scatter diagrams, control charts, graphs and flow-charts. They are very powerful tools to
enable operators to participate in process improvement

2. N7 - advanced or seven new tools of quality
control

These include relations diagrams, tree diagrams, matrix diagrams, arrow diagrams,
matrix data analysis diagrams, affinity diagrams, PDPC - Process Decision Program
Chart. They are very powerful tools to deal with non-quantifiable data, to facilitate
communication, and to generate innovative ideas

3. PDCA/SDCA

Stands for Plan or Standardised-Do-Check-Action, a powerful methodology for
continuous improvement

•

Employee involvement and empowerment

4. Employee training
5. Multi-skilled employees
6. Small group improvement activities

•

Providing the necessary training to enable employees to do their tasks and participate in
continuous process improvement
Providing the necessary training and encouraging employees to have multiple skills to
enable them to do multiple tasks
Establishing small groups to conduct activities for process improvement

Supplier relationships

7. Supplier quality certification

Providing a supplier a certificate for supplying quality parts

8. Reduction o f number o f suppliers and distances

Reducing the number of suppliers and selecting them based on close proximity

9. Long term supplier contracts

Conducting long tenn contracts with suppliers for the purpose of developing long tenu
partnerships

10. Total supplier evaluation

Evaluating suppliers based on their performance in quality, cost, delivery and flexibility

•

Workplace management

11. 5S and house-keeping
12. Job enlargement/enrichment

£

Managing a workplace by means of 5S: organisation, tidiness, purity, cleanliness,
discipline
Providing job enlargement/enrichment to enable employees to perform better

P r a c tic e s o f the In teg r a te d M odel

1. B7 ~ seven basic tools o f quality control

T a b le 3,2:

.....
Practice
A. Infrastructure practices
• Problem solving

13. Error-proofing (poka-yoke)_______________
14. Quality audits

16. Cross-functional management
17. Policy deployment (Hoshin Kami)______
18. Visible Improvement Management (VIM)
19. Benchmarking
20. Value analysis/value engineering (VA/VE)

An approach for making processes fail-safe (e.g. using automatic devices)
An internal assessment to see whether a company has implemented the procedures
according to its quality manual _____________________________________________
Providing standardisation of parts, products and processes and documenting them
Interdepartmental coordination to realise organisational goals of Quality, Cost, Delivery,
and Flexibility__________________________________________________
A process of deploying policies through line and cross-functional management.
Using a simple and visual noticeboard to give feedback on performance
A tool for comparing a company’s internal performance with external standards of
excellence____________________________________________________
A design tool for assessing a component of a product in the most economical way
without degrading its quality________________________________________________

B. TQMpractices
•

Product design_________________

21. Failure mode and effect analysis (FMEA)
22. Design for manufacturability and quality

•

Customer focus_________

24. Quality Function Deployment (QFD)
25. Customer survey___________

•

A method of matching the needs of the customer to the features of the product
Conducting a survey to gain feedback from the customer

Process management_________

26. Statistical process control (SPC)
r/»

A philosophy of quality engineering that employs experimental design in process design
for the pmpose of eliminating or minimising product-related losses___________

A methodology for monitoring a process aimed at identifying special causes of variation
and signalling the need to take corrective action when it is appropriate___________

(Continued)

23. Taguchi Methods (TM)

A design tool to identify all possible failures, estimate their effect and seriousness, and
recommend corrective actions_____ .__________________
A process of designing a product for efficient production at the highest level of quality

P r a c t i c e s o f t he I n t e g r a t e d M o d e l

15. Standardisation of parts, products, and process

Description

T a b l e 3 .2 :

___________ ______ Practice_____________
• Other continuous improvement practices

G J I T p ra ctice s ____________
27. Set up time reduction

Description
Decreasing machine set up time as much as possible to enable a swift change from
producing one product to another
Splitting a plant that produces all products in one location into several specialised smaller
plants

29. Group Technology (GT)

Grouping parts or products with similar characteristics into families and assigning groups
of machines for their production

30. Pull production system

A mechanism where a succeeding process withdraws parts from the preceding process at
the same rate as it has consumed them

31. Uniform workload

Operating a factory at constant speed, whether manufacturing single or mixed products

32. Just-in-Time scheduling

All processes produce the necessary parts at the necessary time and have stocks only
sufficient to hold the processes together

33. Kanban

A communication tool to realise just-in-time production

D.

T P M p ra ctice s

34. Equipment management & improvement by teams Encouraging operators to participate in managing and improving equipment
35. Preventive Maintenance (PM)
Conducting inspections, cleaning, lubrication, and minor adjustments to prevent machine
failure
Creating and organising operators’ involvement in the care and maintenance of
equipment

37. Maintenance prevention (MP)

Designing activities carried out in the planning and construction of new equipment to
maintain high degree of effectiveness during its entire life cycle

38. Maintenance Management System (MMS)

A tool to keep track of who is doing what tasks, on what equipment, with what parts, and
at what cost

-p*
0

\

(Continued)

36. Autonomous Maintenance (AM)

P r a c t i c e s o f the I n t eg r at ed M ode l

28. Focused factory

Ta ble 3.2:

_________________ Practice

Recall that this study is the first effort to combine TQM, JIT and TPM in
one integrated production system. One obvious difference of the integrated
model (as seen in Figure 3.2) from the current literature is the 'promotion’ of
TPM as one of the core approaches, besides TQM and JIT, to improve company
performance. Harrison (1992) coins the integrated system as the JIT/TQ
philosophy with three basic elements (elimination of waste, total quality, and
people preparation), and considers TPM as part of its techniques. Imai (1997)
views JIT, TQM, and TPM as infrastructure systems for the implementation of
Gemba Kaizen, besides policy deployment, suggestion system, and SGIA.
There are also some differences in classification of practices between the
present study and those of other authors. While Saraph et al. (1989) includes
supplier management in quality management practice, and Maskell (1989)
considers it as a JIT practice, this study identifies supplier management as a
common practice. Likewise, although several TPM books (e.g. Maggard (1989)
and Hartmann (1992)) regard workplace management as TPM practice, this study
identifies it as an infrastructure practice. In fact, other continuous improvement
tools (e.g. benchmarking) are considered by the present study as common
infrastructure practices. They are very powerful in supporting the
implementation of core practices.
The level of commitment to excellence can be assessed and is reflected in
the way a company applies the above practices, referred to in this study, as
world-class manufacturing tools and techniques. The following paragraphs
discuss how the application o f the tools and techniques will enable a company to
improve its performance and, hence, to realise excellence in manufacturing.
3.3. 7. Common Infrastructure Practices
Common infrastructure practices are tools and techniques which an organisation
must apply in order to achieve standard performance in manufacturing and to
enable it to support the core approaches, and hence attain improved company
performance. Several authors assign different labels the Infrastructure practices
along with their accompanying set of techniques and tools. Harrison (1992)
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entitles them ‘people preparation’, the basic element and the starting point for
supporting the JIT/TQ philosophy. Sugimori et al. (1977) designate them as a
system of respect for human, necessary to assure the effectiveness of the JIT
system. In the current study, they are classified into problem solving, employee
involvement and empowerment, supplier relationships, workplace management,
and other continuous improvement practices.
■ Problem Solving
Problem solving is an activity associated with changing the state of what is
actually happening to what should be happening (Kepner and Tregoe, 1965).
It is the key to a successful continuous improvement program (Evans and
Lindsay, 1999). The effectiveness of this activity in the workplace, however,
depends on the capability of each member applying the appropriate tools and
techniques and the existence of a mechanism to moti vate the continuous
improvement process.
The seven basic tools of quality control (B7) and seven new management and
planning tools (NT) are the proven methods for enhancing quality awareness
of manufacturing employees (Arndt, 1989a, 1989b). The B7 have been
indispensable and widely used by operators, engineers and management in
Japan (Imai, 1986) and, in the last two decades, have attracted much attention
in the West (Sprouster, 1984). Their application has been claimed to able to
solve 95% of all company problems (Arndt, 1990). The strength of N7 lies in
the ability to deal with non-quantifiable data, with future rather than past
events, as well as to facilitate communication and generation of innovative
ideas (Arndt, 1990). Last but not least, their combined application can be
used to solve more sophisticated problems in new product development,
facility improvement, quality improvement, and cost reduction (Imai, 1986).
The problem solving process is ineffective without the existence of the PDCA
or SDCA cycle, a series of activities pursued to realise continuous
improvement. It commences with a study of the current situation, during
which data are collected to be used in formulating a plan for improvement.
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The plan is then implemented, and the result is evaluated to see whether the
anticipated improvement has been attained. The successful outcome leads to
standardisation of the process to ensure that the new methods will be
practiced continuously for sustained improvement. Otherwise, corrective
measures are taken and the PDCA cycle is restarted. All these activities are
fruitful only when employees are supplied with the right tools (B7 and N7).
■ Employee In volvement and Empowerment
Future world class status is not dependent on technology, but it is determined
more by the talent of the people who will implement the technology (Giffi et
al, 1990). In dealing with the competitive and ever-changing environment,
manufacturers have to aim the human resource policy at ensuring that
employees can perform multiple tasks, improvise when necessary, and direct
themselves toward continuous improvement of products and processes. Thus,
employee involvement and empowerment are required to attain manufacturing
excellence. These practices include training employees in specific skills
required by its products, manufacturing processes and customers, training
employees in multi-skills, and establishing small group improvement
activities (SGIA)
The importance o f employee training has been repeatedly cited in many
books and articles (e.g. seminal books by Ishikawa (1985); Deming (1986),
and a recent article by Saraph, et al. (1989)). Moreover, employee training to
be multi-skilled is necessary to have a flexible work force. In this situation,
each member is capable of doing many tasks either at his/her own work
station or moving from one work station to another. Besides its benefits,
which are usually greater than its cost, having a flexible work force demands
expensive training. Small group improvement activities is a means of gaining
full use of the knowledge and creativity of the entire work-force. In
particular, the person who best understands a particular job and how to
improve both the product and the process is the one who performs it.
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■ Supplier Relationships
Good supplier relationships are necessary to realise manufacturing excellence.
The role of suppliers in supporting quality product manufacture has been
recognised by several authors. Ishikawa (1985) believes that the meticulous
quality control practiced by Japanese suppliers is one of the most important
reasons for the high quality of Japanese products. Saraph et al. (1989) include
supplier quality management as one of the critical factors affecting quality
management (see Table 2.3). Forker et al. (1997) encourage manufacturers to
promote TQM practices throughout the supply chain, based on their research
ot the impact of supplier quality management on supplier quality
performance.
The importance of manufacturer-supplier relationship in actualising just-in
time production has also been mentioned in several articles. It is estimated
that purchased materials and services account for 50% to 80% of the total
costs of automotive products (Burton, 1988; Willis and Huston, 1990), and
suppliers account for 30% of quality problems and 80% of product lead time
(Inman, 1990; Willis and Huston, 1990). Thus, supplier partnerships may
lead to reduced costs, improved quality, and shortened lead time, among
others benefits.
The above findings suggest that manufacturers have to involve their suppliers
in the attainment of the organisational goals in order to be competitive in the
global market. The present study, therefore, groups the practices of supplier
relationships under common infrastructure practices. These practices include
supplier quality certification, reduction o f number o f suppliers and distances,
long term supplier contracts, and total cost supplier evaluation. Their
meanings are straightforward and can be seen in Table 3.2.
■ Workplace Management
cDo the simple things right7 is a pre-requisite in achieving excellent
performance (Harrison, 1992). This is the key starting point for improvement
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activities (Murata and Harrison, 1991). To enable doing the basic things
right, manufacturers have to organise the workplace effectively. The concept
of 5S (from the Japanese terms: seiri - sorting; seiton - orderliness; seiso cleaning; seiketsu - cleanliness; shitsuke - participation) is a powerful method
of managing the workplace. Suzaki (1987) observes the existence of a
positive correlation between standards o f housekeeping and workplace
organisation and general management attitudes.
Furthermore, designing an ergonomic and interesting workplace through job
enlargement/enrichment can provide individuals with both the intrinsic and
extrinsic motivation to achieve excellent performance. In job enlargement,
fragmentation of jobs is reduced by expanding the workers’ jobs to include
several tasks rather than one single, low-level task. Job enrichment entails
vertical job loading in which workers are bestowed more authority,
responsibility, and autonomy rather than simply more or different tasks to
perform. Therefore, these techniques comprise common practices of creating
and maintaining a conducive workplace environment.
In the present study, 5S and housekeeping and job enlargement/enrichment
are grouped into common infrastructure practices. While the practices under
employee involvement and empowerment strive to enhance workers’ abilities
in order to be able to generate innovative ideas through the use of SGIA, the
last two practices aim at creating and maintaining a conducive workplace
environment to support the achievement of superior performance.
■ Other Continuous Improvement Practices
Other continuous improvement practices are common infrastructure practices
that are not included in the above categories. They are Poka-yoke, Quality
Audits, Standardisation, Cross-functional Management, Policy Deployment,
Visible Improvement Management (VIM), Benchmarking, and Value
Analysis/V alue Engineering (VA/VE).
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Poka-yoke is an approach for making processes fail-safe by using automatic
devices, and/or methods to avoid simple human error. Typical sources of
defects in production are omitted processing, processing errors, set up errors,
missing parts, wrong parts, and adjustment errors. Thus, the idea behind this
practice is to avoid repetitive tasks or actions that depend on vigilance or
memory in order to enable workers’ to have more free time and apply their
minds to more creative and value-adding activities (Shingo, 1986).
Quality audits are an internal assessment to see whether a company has
implemented the procedures according to its quality manual and whether
those procedures are suitable for maintaining registration to an external quality
system, for example, to the AS/ISO 9000 (Askey and Dale, 1994). They may
suggest opportunities for improvement by pinpointing areas within the
documented quality system which are not being adhered to.
Standardisation o f parts is a method of ensuring high reliability by using
components with proven track records of reliability over years of actual use.
The use of standardised components aims not only at achieving high
reliability, but also reducing costs since standardised parts are used in many
different products.
No less important than standardisation of parts is standardisation o f
processes. There is no improvement where there are no standards (Imai,
1986). As stated earlier, the PDCA cycle, if successful, may lead to
standardisation of processes to ensure that the new method will continuously
be performed for sustained improvement. The standard should bind
everyone, and it is the management’s job to encourage everyone to work in
accordance with the established standards. Thus, process standardisation can
be seen as a way o f spreading the benefits of improvement throughout the
organisation.
Cross-functional management refers to interdepartmental coordination and is
an effective tool in realising organisational goals of quality, cost, delivery,
and flexibility. Under this concept, communication barriers are abolished (the

ninth point o f the Deming philosophy), and all departments involved in the
attainment o f an organisational goal must collaborate in cross-functional
activities. The pursuit of quality, for instance, is not merely the responsibility
of production, but all divisions have to contribute to the mission.
Policy deployment is a process of internalising the policies of the continuous
improvement program throughout the company from the highest to the lowest
level. It is executed directly through line managers and indirectly through
cross-functional management.
Visible improvement management (VIM) is a technique of providing
information and instruction about the elements of a job in a clearly visible
manner so that the worker can maximise his/her productivity. It is
characterised by the easy visibility of processes, problems, and improvement
projects (Harrison, 1992). VIM using the Cause and Effect Diagram with the
Addition o f Cards (CEDAC) is a powerful tool in marshalling and focusing
the combined experience of employees towards the solution of very complex
problems (Arndt, 1989d).
Benchmarking is the search for the industry’s best practices that lead to
superior performance (Camp, 1989). By this definition, benchmarking is not
only a tool for measuring and comparing performance with external standards
of excellence (not necessarily direct competitors), but also for motivating a
firm to perform a self continuous improvement on its products and processes.
Value Analysis/Value Engineering is defined as ‘an organised, systematic
study of the function of a material component, product, or service with the
objective o f yielding value improvement through the ability to accomplish the
desired function at the lowest cost without degradation of quality’ (Reuter,
1985). It is a powerful tool for reducing the complexity of product design and
hence, a critical element of improving product quality. Although this practice
originated in America, its usage by Japanese firms is so prevalent that an
annual award is given to companies that show the most benefit from the use
of this practice (Giffi et al, 1990).

3.3. 2. Quality Management Practices
Besides common practices, manufacturers must also use more focused approaches
in order to pursue quality improvement Juran and Blackiston (1995) advise
companies to apply the Quality Trilogy, that is, quality planning, quality control,
and quality improvement, to managing for quality. They are interrelated
processes aimed respectively at meeting quality goals during design, meeting
quality goals during operations, and breaking through to remarkable levels of
performance.
In the case of manufacturing, quality is developed initially at the stage of product
design, is realised by planning and administering activities necessary to make the
product, and is achieved ultimately by listening continuously to the voice of the
customer. Thus, quality management practices can be classified into Product
Design, Process Management, and Customer Focus. Again, quality can only be
harvested if common infrastructure practices has been effectively applied.

■ Product Design
The importance o f making the right decision in the stage of product design
has been stated by many authors (e.g. Bhat, 1993), since product design may
affect the costs of manufacturing, the costs of warranty and product repairs,
and the costs o f design changes. In fact, many aspects of product design have
conflicting priorities with manufacturability and quality (Whitney, 1988).
Thus, companies have to equip themselves with suitable approaches in order
to be able to combine the achievement of quality, cost, and manufacturability
in the product design. Design tools associated with developing quality at the
source include: Failure Mode and Effect Analysis (FMEA), Design For
Manufacturability and Quality (DFMQ), and Taguchi Methods (TM).
Failure Mode and Effect Analysis is a design tool for identifying all possible
failures, estimating their effect and seriousness, and recommending corrective
actions. The benefits of FMEA are twofold (Pfeifer et al., 1994). Firstly, it
can expose possible weaknesses in the planning stage that can cause product
failures, related either to production process or component. Secondly, it leads

to the documentation of knowledge about casualties, such as the propagation
of faults throughout the component and the overall system caused by product
deviations.
There has been a remarkable increase in the interest in design fo r
manufacturability' in the last decade (Womack et al., 1990; Clark and
Fujimoto, 1991). Lucas Engineering (1991) defines DFMQ as ‘the focusing
of design team effort on the cost effective use o f parts and processes to
produce on time, high quality products that meet customer and business
requirements.5 The objective of DFMQ is to incorporate the aspects of
manufacturability early in the product design stage so that the customer can
be attracted and their needs can be satisfied in a short lead time and at
competitive cost (Niebel and Liu, 1992).
Quality is defined by Taguchi (1986) as “(the avoidance of) losses a product
causes to society after being shipped .55 These losses include costs incurred by
the product’s failure to meet customer expectations, the failure to meet
performance characteristics, and harmful side effects caused by the product.
Here, Taguchi methods emphasise the elimination or minimisation o f these
losses during the stage of product design. Thus, Taguchi methods can be
viewed as a design tool to eliminate such losses.

■ Process Improvement
Statistical Process Control is the core of process improvement. It is aimed at
monitoring a process to identify special causes and to signal the need to take
corrective action when it is appropriate. Thus, SPC provides a means by
which a manufacturer may demonstrate its ability in controlling the process.
In fact, Saraph et al. (1989) include process management as one of the critical
factors in quality management.

■ Customer Focus
As the customer demands greater value of delivered products and services and
expects higher levels of satisfaction, customer focus becomes a determining

factor in business success (AQC, 1995). Hence, manufacturers have to
furnish themselves with the appropriate tools in dealing with customers.
These tools include Quality Function Deployment (QFD) and Customer
Survey.
Quality Function Deployment is a customer-driven planning process to guide
the design, manufacturing, and marketing of goods (Evans and Lindsay,
1999). QFD is more than a product design tool; it encourages companies to
conduct company-wide training and education as well as information sharing,
and to create a performance measurement system that is consistent with the
goals of the organisation (Lockamy III and Khurana, 1995). Hence, the
present study includes QFD into customer focus, rather than product design,
practices.
The modem definition of quality focuses on meeting or exceeding customer
expectations. Customer survey is a method of collecting information about
customers’ needs and expectations, their importance, and customer
satisfaction with the company performance. It may take many forms, such as
formal surveys, seminars, demographic studies, etc. The result of this activity
can provide valuable inputs to design products and processes in order to
satisfy the customers’ requirements.
3.3.3. Just-in-Time (JIT) Practices

^

JIT practices in this study are aimed at making a manufacturer more responsive
to customer demand through eliminating or minimising all kinds of waste. These
practices include set up time reduction (SUR), focused factory, group technology
(GT), pull production system, uniform work load, JIT scheduling, and Kanban.
Set up time reduction is the key to improving flexibility without losing capacity,
and hence to reducing inventories and lead times. SUR is crucial in realising
just-in-time production, since it will enhance the ability to respond to instant
demands and the production of a large variety of products in small volumes. It is
also an excellent opportunity for striving for the sense of job ownership among
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shop floor teams, and placing responsibility for improvement upon them. Shingo
(1983) provides guidelines for transforming SUR into a single minute exchange
of die (SMED) set up, through separating clearly internal from external setups,
concerting as much as possible elements of internal setup into external setup, and
improving relentlessly each elemental operation of internal and external setup.
The concept of focused factory or product-based manufacturing cells originates
from Skinner (1985). The objectives are twofold. Firstly, a factory should learn
to focus each plant on limited and manageable sets of products, technologies,
volumes, and markets. Secondly, it should learn to structure basic manufacturing
policies and support services so that they focus on one explicit manufacturing
task instead of many inconsistent and conflicting tasks. Skinner (1985) argues
that a factory which focuses on a narrow product mix will always be better than
the non-focused or conventional plant, which attempts a broader mission. In
fact, the principles of focused factory are in harmony with those of the JIT
system, that is, competence can be cultivated through simplicity, repetition,
experience, and homogeneity of tasks.
Group technology, recently well known as cellular manufacturing, is a method
of factory organisation in which organisational units, known as groups, complete
all the products or parts they make and are equipped with all the processing
facilities they need (Burbidge, 1991). This technique is implemented by moving
machines and processes closer together whenever the opportunity exists, and can
be considered as an effort to eliminate or reduce waste due to unnecessary
movements. According to this author, compared to the traditional method, the
use of GT can lead to shorter throughput times, better quality, lower costs of
materials handling, better delegation and accountability, training for promotion,
preparing for automation, increased capacity, and increased job satisfaction.
Pull production system is one of the core JIT techniques. It is a tool to minimise
work-in-process inventory by way of authorising production and movements of
materials only when they are required by a downstream workstation. There is a
certain amount o f inventory at each stage, but a succeeding process orders and
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withdraws parts from the storage of the proceeding process only at the rate and at
the time it has consumed the items (Kimura and Terada, 1981). In fact, these
authors show that, by applying the same rules, the pull system can be extended to
multi-stage production processes by including outside suppliers, and brings about
lessening demand fluctuations of a succeeding processes to the proceeding
process, minimising the fluctuation of in-process inventory, and raising the level
of shop-floor control through decentralisation.
Uniform workloads or production levelling means operating a factory at constant
speed at all times, whether manufacturing single or mixed products. The aim is
to synchronise operations between the factory and its suppliers, within the
factory, and between the factory and its customers. Gaining synchronisation may
lead to replacing large batches, which then have to be stored, mixed, and
matched, with a uniform output based on making a little every day (Hall, 1987),
and hence, reducing waste of waiting time, processing, and inventory.
JIT scheduling means producing, or purchasing from outside suppliers, the
necessary parts, usually in small quantities, at the necessary time and having
stocks only sufficient to hold the processes together. While Haynsworth (1984)
demonstrates a theoretical justification for its use, Wilson (1985) criticises JIT
scheduling as having potential high costs of disrupted production due to keeping
small inventory. The last author perhaps ignores the fact that the application of
JIT practices is an on-going effort to improve the process. Hence, inventory
reduction will only be initiated if a smooth flow of operations has been achieved.
Kanban means a visible record or plate used as a means of communicating and
conveying ideas and information to realise just-in-time production (Esparrago,
1988). Kanban is the backbone of JIT. Moreover, Im and Schonberger (1988)
demonstrate the comparative benefits of Kanban over MRP in terms of certainty
of demand, simplicity in production planning, and flexibility and stability. These
authors also caution Western manufacturers about some limitations of Kanban,
such as that the use of Kanban generally calls for a relatively smooth production
schedule, hence a volatile demand may cause difficulties in applying it.
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3.3.4. TPM Practices
TPM can be seen as the logical extension of TQC/TQM (Arndt, 1995), in the
sense that responsibility for equipment maintenance is extended to everyone in
the company, and is not just limited to the maintenance specialists. Therefore,
Maggard (1989) defines TPM as a production-maintenance partnership for
continuous improvement of product quality, operation efficiency, capacity
assurance, and safety. In terms of installing the TPM program, Hartmann (1992)
suggests that non-Japanese plants should take three distinct steps: planning and
preparation, pilot project, and plant wide implementation. This author also
advises the following sequence of installation that works best in most existing
Western plants '.firstly, TPM-EM or equipment management and improvement by
teams; secondly, TPM-PM or preventive maintenance; and lastly, TPM-AM or
autonomous maintenance. For a new plant, the sequence should be TPM-AM,
TPM-PM, and lastly, TPM-EM (Hartmann, 1992). In addition to those practices,
this study adds two TPM practices which are required to pursue excellent
equipment performance. They are Maintenance Prevention (MP) and
maintenance management system (MMS).
Equipment management and improvement by teams is an approach to improve
equipment performance quickly and get operators initially involved in TPM
(Hartmann, 1992). In this case, operators participate in teams to analyse
equipment problems and to develop improvement ideas. It will give a good
indication of the talent of the operators and their potential in dealing with
operator-maintenance personnel relationship, and hence, provide a prediction of
their ability to complete the total TPM installation successfully.
Preventive Maintenance is absolutely vital in maintaining equipment in top
condition (Hartmann, 1992), and including both preventive and predictive
maintenance, it is a total system of PM for the entire life cycle of the equipment,
which is the second meaning of TPM (Nakajima, 1988). In order to accomplish
the goals of production, a company must synchronise its production plan with its
maintenance plan because the equipment PM activities are carried out during the
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plant stoppage periods (Takahashi and Osada, 1990). In organising PM
advancements, the same authors suggest that companies should accommodate
changes in characteristics of product and equipment, production modality,
geographical conditions, plant size, worker background, extent of subcontracting,
and equipment management.
Autonomous or self-initiated Maintenance is a key component o f TPM. It
emphasises the operator’s involvement in the care and maintenance of their
equipment. In this case, there is a transfer of tasks and responsibilities from
maintenance specialists to production operators, such as cleaning, lubrication,
tightening, and control of temperature. The implementation of AM may be
different among plants. Thus, Hartmann (1992) suggests that a plant should
develop its own workable approach to AM.
As regards the second meaning o f the word ‘total’ in TPM as ‘total maintenance
system’ (Nakajima, 1988), efforts at maximising OEE are incomplete without the
use of Maintenance Prevention (MP) and Maintainability Improvement (MI).
Hence, Blanchard (1997) advises Western firms, which had made much progress
in the areas of both PM and AM, to apply an enhanced approach for
implementing TPM by way of incorporating, in the early stages of equipment
management, all elements of the system on a total integrated and concurrent basis
and viewing the system from a long-term life cycle perspective. Thus, early
equipment management is carried out as a part of a comprehensive approach to
maintenance prevention and maintenance-free design. According to Blanchard
(1997), the achievement of MP and MI can be facilitated through the use of
appropriate design tools and the identification of cause-and-effect relationships,
leading to possible modifications for system improvement.
Maintenance Management System (MMS) is defined by Campbell (1995) as a
method to keep track of maintenance activities in terms o f who is doing what
tasks, on what equipment, with what parts, and at what cost. According to this
author, as the management of maintenance activities becomes more complex, a
computerised MMS is a powerful method for improving OEE and for more

efficient use of labour, materials, and outside suppliers. Hence, the use o f MMS
is crucial in enhancing the overall performance of maintenance management.
The practices of the integrated production system have been elaborated in
detail in this section. It can be deduced from the discussion that some practices
are easy to implement, but others (such as design practices in TQM) are difficult
and need educated people. Some practices are necessary to support the
implementation of other practices, e.g. infrastructure practices are necessary for
the effectiveness of JIT, TQM, and TPM. The remaining issue concerns the
measurement of company performance in supporting the achievement of
manufacturing excellence. The following subsection will discuss this matter.
3.4.

Measurement o f Performance

3.4.1. Implications ofWCMImplementation in Measuring Performance
In addition to using certain techniques, manufacturers have to modify their ways
of measuring performance in their efforts to achieve manufacturing excellence
(Eccles, 1991; RSA, 1994). Maskell (1991) mentions three primary reasons for
the modifications. Firstly, traditional management accounting, which mainly
uses financial indicators to monitor firm performance, is no longer relevant or
useful for a company moving toward a world-class manufacturing environment.
Secondly, customers are demanding high standards of performance in quality,
cost, delivery, and flexibility. These standards cannot be monitored by using
financial measures only. Thirdly, management techniques used in production
plants are developing significantly. The introduction of innovative approaches,
such as TQM, JIT and TPM, endows shop floor operators with much more
authority and responsibility. Therefore, new methods of reporting performance,
which are relevant and timely for monitoring progresses, are required.
As an extension of from Table 3.1 and Figure 3.2, Table 3.3 presents the
implications of implementing WCM methods in measuring company performance
in the framework of satisfying ever-changing customer requirements and
environments. Moving towards the WCM environment is characterised, among

• Involving and empowering employees

• Problem solving and small group
improvement activities

Objectives
• To meet ever-changing customer requirements
• To be responsive to customer demand
• To compete in the global mar ket

Implications Measuring
•
•
•
•

To measure quality performance (Q)
To measure cost performance (C)
To measure delivery performance (D)
To measure flexibilitv performance (FI

• To educate employees in basic skills, good business
• Performance based on team not
practice, and other innovative concepts (e.g. TQM, JIT,
individual, and based on accumulated
TPM, teamwork)
skills
• To have a flexible workforce, so operators can easily
move from one job to another
• To provide operators greater control of their work so that • Performance based on team not
they are responsible for the results
individual
• To make use of emplovees’ skills and talent
• To have active participation of every employee in problem • Performance based on team not
solving and continuous improvement of quality, cost,
individual, and based on the operator’s
delivery, and flexibility
involvement in problem solving

A2. A new approach to managing suppliers
• Developing partnership with suppliers
• To reduce inventories by having suppliers to deliver small
quantities on just-in-time basis
• To eliminate paperwork and inspections of incoming
materials or components
• To involve suppliers in process and product improvement
A3. A new approach to managing workplace
• Introduction of industrial housekeeping (5S) • To create an environment conducive to superior performance
• To promote high quality, efficiency, and safety through a
clean, tidy, and well ordered workplace
• To foster teamwork
Noter : Adapted from Various Sources (e.g. Maskell, 1991; 1996)

• To measure inventoiy
• To measure productivity
• To monitor the performance of
suppliers

•T o measure productivity
• To measure accident frequency
• To monitor cleanliness, tidiness, and
well ordered workplace

Table 3.3: Implications of Implementing WCM Methods in Measuring Performance

WCM Approaches
0. A new approach to manufacturing
• Manufacturing competitive products
• Manufacturing product mix and volume
• Short lead times and make-to-order
• New product introduction
Al. A new approach to managing workforce
•Education and training in multi-skills

• Emphasis on the resolution, rather than
• To expose and resolve the root causes of quality
merely detection, of problems causing poor
problems in order to attain zero defects
quality
• To reduce or eliminate inspectors, and to encourage
operators’ responsibility to quality
•Building quality at source
• To develop products that are easy to manufacture and
meeting customer requirements

• To measure in-process defects and reworks
at eveiy stage of production flow
• To conduct audits on every process based on
external standards of excellence (e.g. ISO)
• To measure the effectiveness of productiondesign interface (e.g. manufacturability)
• To measure customer satisfaction

C. Just-in-Timc manufacturing
• Shopfloor layout and cellular
manufacturing

• Setup time reduction

• Synchronised manufacturing

• Pull production system

•
•
•
•
•
•
•
•
•
•
•
•

To eliminate the movement of materials
To produce in small quantities of batch
To reduce production cycle time and WIP inventories
To encourage teamwork and reduce paperwork
To reduce production cycle time
To reduce WIP inventories
To be more responsive to the customer’s demand
To reduce production waiting time
To reduce WIP inventories
To reduce production cycle time
To reduce materials, WIP and finished product inventories
To realise just-in-time scheduling

• To measure inventoiy
• To measure cycle time
• To measure space efficiency
•
•
•
•
•

To measure inventoiy
To measure cycle time
To measure delivery time
To measure inventoiy
To measure cycle time

• To measure inventoiy
• To measure delivery time

D. A new approach to managing equipment
•Transfer of responsibility and authority
from maintenance specialists to operators

• To encourage all employees in maintaining and
• To measure maintenance cost
improving equipment condition
• To measure productivity
• To foster teamwork and pride of equipment ownership
• To improve productivity
• Addressing equipment problems at source • To strive for overall equipment effectiveness
• To measure OEE (equipment availability,
and involving all departments
• To foster communication
performance efficiency, and quality rate)
Note: Adapted from Various Sources (e.g. Masked, 1991; 1996)

Table 3.3: Implications of Implementing WCM Methods in Measuring Performance

B. A new approach to managing quality

others, by competitive products, product mix and volume, short lead times and
make-to-order, and frequent new product introduction (Masked, 1996).
As seen in Table 3.3, a new approach to manufacturing (0) is performed
by simultaneous implementation of methods for managing infrastructure, i.e.
workforce (A l), suppliers (A2) and workplace (A3), in addition to the core
methods for managing quality (B), JIT production (C), and equipment (D). All
these methods have ramifications in styles o f measuring performance different
from that of the traditional system. The measures of performance are mostly
process- rather than result- oriented and emphasise non-financial rather than
financial performance.
The next question is: How should a company measure its performance in
order to accommodate the implementation of WCM methods and to foster
continuous improvement in products and processes? The next subsection will
discuss this matter.
3.4.2. Company Performance and its Measurement
Daft (1997) defines organisational performance as \ .. organisation’s ability to
attain its goals by using resources in an efficient and effective manner.’ Many
aspects, both internal and external to the organisation, influence its ability to
realise the goals. The intended goals may vary from one company to another.
The present study divides company performance into business and
manufacturing performances, or external and internal parameters. Bartezzaghi et
al. (1992) refer to them as upper and lower level performances.
T h e irs / concerns a company’s ability to satisfy customers’ needs, hence,
their measurement is mostly perceived by customers. The performances of
Quality, Cost, Delivery, and Flexibility are identified as business performances.
It is believed that these performances incorporate the elements of competitive
advantage. While many factors outside the manufacturing arena determine
competitive advantage, the present study focuses mainly on the manufacturing
aspects.
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Their meanings are presented in Table 3.4. These are the performances
that explain customer satisfaction and, in most cases, lead to business financial
success (Hendricks and Singhal, 1997; Brox and Fader, 1997; Hausner and
Arndt, 1999b), and lead to competitive advantage (Flynn et al., 1995a, 1995b).
T able 3.4: T ie M eanings o f Business Perform ance
Performance
Their Meanings
□ Quality
Quality means different things for different people. Garvin (1987) proposes
Performance eight quality dimensions of manufacturing products to be considered:
Performance: a product’s primary operating characteristics;
Features: those characteristics that supplement a product’s basic functioning;
Reliability: the probability o f a product’s surviving over a certain period of
time under stated conditions o f use;
Conformance: the degree to which a product’s design and operating
characteristics meet established standards;
Durability: the amount of use one gets from a product before it deteriorates;
Serviceability: the ability to repair a product quickly and easily;
Aesthetics: how a product looks, feels, sounds, tastes, or smells; and
Perceived quality: subjective assessment resulting from image or brand names.
□ Cost
Cost performance is related to a company’s ability to set a competitive price
Performance for his products. Feigenbaum (1991) categorises costs of quality into: internal
and external failures, appraisal, and prevention costs. Failure costs are zero
when there are no defects and rise with increasing product or part failures.
The costs o f appraisal plus prevention are zero at 100% defective and rise as
perfection is approached Hence, companies have to allocate their resources
properly in order to gain an optimal cost o f quality
□ Delivery
While in the traditional system this performance is attained by holding stocks,
Performance in the WCM system it is the culmination o f a long series o f steps performed
correctly : correct scheduling, quality assurance, on-time deliveries o f parts and
components, manufacturing at the right time and in the right quantity, and
shipping the product when it is needed (Masked, 1991).
□ Flexibility
There are two aspects of flexibility: production and design flexibility (Miller et
Performance al., 1988). The first is attained if a company is able to shorten production lead
times, achieve manufacturing product mix from day to day, and train its
employees in multi-skills to enable manufacture of wider range of products.
The second is related to die company’s ability to introduce new products and
modifications to current products in its efforts to satisfy both current and future
needs of its customers.

Juran’s definition of quality as ‘fitness fo r use’ (Juran, 1988) can be
viewed as a business performance, since its assessment is mostly based on the
customers’ point of view. To the customer, quality includes among others all the
eight dimensions stated in Table 3.4. Therefore, a company has to search for the
‘exact’ needs of its customers, prioritise them, and attempt to satisfy them as
much as possible while still maintaining its manufacturing focus (the concept of
focused factory).
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Hill (1995) considers the performances of Q, C, D, and F as qualifiers or
order-winners, depending on the market-place a company addresses. This author
argues that manufacturing must provide the qualifying criteria to get into or stay
in the marketplace. But these alone wall not win orders; instead, they merely
prevent a company from losing orders to its competitors.
The second concerns the performance which companies can measure
according to specified standards. Juran’s definition of quality as ‘conformance to
specification s \J u rm y 1988) can be regarded as a manufacturing performance.
This study identifies fifteen manufacturing performances. Their meanings, aims,
and methods of measurement and monitoring are presented in Table 3.5.
Manufacturing performances are yardsticks or key performance indicators
in terms of which a company can assess its ability to satisfy the customer by
measuring the effectiveness of its resources. These are what a company should
attempt to measure and monitor properly. How are these measurements
conducted?
Adapted from various sources, mainly Maskell (1991), the present study
lists the following ten characteristics of performance measurement commonly
used by world class manufacturers. Among others, they should:
1. Have a direct relationship with manufacturing strategy;
2. Use primarily non-fmancial rather than financial measures;
3. Use financial measures mostly for external purposes;
4. Use non-iinancial measures to control operations;
5. Use non-fmancial measures to monitor quality, delivery reliability,
inventory, lead time, and flexibility;
6.

Use a simple way (e.g. charts, graphs);

7. Change over time as needs change;
8.

Use performance measurement to foster rather than j ust monitor
improvement;

9. Involve operators in collecting the performance data; and
10. Evaluate performance mainly based on the group, not the individual.
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M anufacturing
defects or
rework

Any non-conformance to
specification found during the
manufacturing of a product

Aim
To estimate the
achievement of quality and
cost performances relating
to internal failures
To estimate the
achievement of quality and
cost performances relating
to external failures

2 Return of
alreadydelivered
products

Any state of unfitness for use
found after a product is delivered
to the customer

3. Manufacturing
costs

Any expenses of manufacturing the
product

To estimate the
achievement of overall
cost performance

4. Maintenance
costs

Any expenses spent on maintaining
the equipment

5. Inventory
turnover

A measure of inventory performance
that relates inventory levels to the
product’s sates volume

6. On-time
deliveiy

A measure of deliveiy performance
that relates actual and planned
deliveiy dates. It is considered on
time when the actual occurs on or
before the planned date ______
Total time spent from procuring
parts and raw materials to
assemble into a product

To estimate the cost
relating to equipment
maintenance (part of
defect-prevention costs)
To estimate the level of
inventory, and hence, the
effectiveness of inventory
investment
To estimate the service
level relating to the
achievement of on time
delivery

7. Lead time
(production)

To estimate the speed in
manufacturing a product

M easurem ent and M onitoring Method
Measuring the amount, values as well as causes of in
process defects
Monitoring its progress over time
Measuring and monitoring (its progresses) the amount,
values as well as causes of return of already-delivered
products
Rate of returns of already-delivered products = (# of
returns of delivered units : tt of delivered units) x 10f>(PPM)
■ Measuring all costs relating to manufacturing a product
* Monitoring its progress over time, whether the cost of
manufacturing a given item decreases in a regular and
predictable way as the total quantity produced increases.
Measuring all costs relating to equipment maintenance
Monitoring its progresses over time, whether maintenance
cost spent is compensated for with equipment performance
Measuring and monitoring (its progress) for each product
Inventory turnover =
(annual sales volume) : (average inventory investment)
Monitoring the average of lateness and on-time deliveiy
over time
Monitoring the causes of late deliveiy

Measuring each element of production lead time over time
Monitoring the progress of each element and identifying
the causes of delays
____
Note: Adapted from Various Sources (e.g. Masked, 1991; Vollmann et. il., 1997)

On

Table 3.5: The Meanings of Manufacturing Performances

1 In process

Meaning

Meaning

Aim

Measurement and Monitoring Method

The average time spent on making To estimate effort and progress in
one unit of a product
eliminating waste relating to
production

■ Measuring time spent in converting raw materials,
components, and subassemblies into finished
products

9. Space efficiency

A measure of efficiency relating
to the use of space

To estimate effort and progress in
eliminating waste relating to the
use of space

■ Measuring the use of space at each work station and
comparing it with external standards

10. Equipment
availability

The ratio of operating (utilisation)
time, excluding equipment down
time, to loading time

To estimate equipment-related
losses due to set-up, adjustments,
and equipment failures

■ Measuring and monitoring equipment set-up and
adjustments
■ Identifying the causes of equipment failures

11. Equipment
performance
efficiency

The ratio of theoretical to actual
To estimate equipment-related
equipment performance efficiency losses due to equipment stoppage
and reduced speed

■ Measuring and monitoring equipment-related losses
due to stoppage and reduced speed
■ Identifying the causes of those losses

12. Labour
productivity

The ratio of the number of
To estimate the change of labour
workers to product’s sales volume productivity due to the use of
innovative methods

■ Measuring labour productivity and monitoring its
progress over time

13. Employee
morale and
motivation

A measure of employees’
satisfaction with the working
environment

To estimate the level of
satisfaction of employees

* Measuring and monitoring employee morale and
motivation over time (e.g. absenteeism)
■ Identifying the sources of dissatisfaction

14. Accident
frequency

A measure of frequency of
accident occurrence over a period
of time

To estimate the frequency and
losses due to accident

■ Measuring number of accidents during working times
■ Accident frequency rate = (# of accidents resulting in
work-time losses : total working hours) x 106

15. Capital
investment
efficiency

A measure of efficiency related to To estimate life cycle efficiency
capital investment (e.g.
of capital assets (e.g. equipment)
equipment)

* Measuring overall efficiency related to fixed assets
■ Capital turnover = net sales: fixed assets
■ The higher the turnover, the more equipment assets
are utilised
Note: Adapted from Various Sources (e.g. Masked, 1991; Vollmann- et al., 1997)
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Table 3.5: The Meanings of Manufacturing Performances (Continued)

Manufacturing
Performance
8. Cycle time

Furthermore, Moseng and Bredrup (1993) argue that the measurement of
company performance should incorporate three dimensions: effectiveness,
efficiency, and adaptability. The first two criteria have been frequently cited in
the literature (e.g. Sink and Tuttle, 1989). The third indicates the extent to which
a company prepares for future changes. The present study incorporates these
criteria in the measurement o f manufacturing performance (see Table 3.5).
Sink and Tuttle (1989) define effectiveness as an indicator which assesses
company activities pertaining to doing the right things, at the right time, with the
right quality. Rolstadas (1998) interprets effectiveness as the ratio between the
actual and the expected output. Table 3.5 incorporates the effectiveness criteria
under the measures of quality management (items

1

and 2 ), equipment

maintenance (items 10 and 11), HRM (items 12 and 13), and accident frequency
(item 14). Measures of company performance are interrelated; in the sense that
quality management performances are not merely affected by TQM practices but
also by several other practices (particularly HRM and TPM practices). Hence, a
company has to consider using a combination of practices simultaneously leading
to the expected output (superior performance) in order to allow it to stay in
business or to win orders.
While the traditional system is concerned mainly with the efficiency of
each individual work centre, Sink and Tuttle (1989) define efficiency as the ratio
between resource expected to be consumed and actually consumed. In Table 3.5,
items 3,4 , 5, 9 and 15 represent the efficiency criteria. The first two items are
measures of efficiency in spending resources relating to manufacturing and
equipment maintenance respectively. Table 3.4 suggests that companies allocate
their resources properly in order to gain an optimal cost of quality. Not only
those, items 5 and 15 in Table 3.5 are to assess efficiency dealing with inventory
and capital investment. Lastly, space efficiency (item 9) is a measure of
efficiency relating to the use o f space. Again, these measures o f performance
reflect the result o f applying several practices rather than a single technique.
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Last but not least, a manufacturer has to be sensitive and adaptive (agile)
to the changing environment in order to survive and prosper in the marketplace.
Hamel and Prahalad (1994) describe competition for the future as an arena to
create and dominate emerging opportunities, not just to benchmark a
competitor’s products and processes and imitate his methods. Items 6 to

8

in

Table 3.5 (just-in-time/ responsiveness performance measures) depict company
abilities to adapt to changing conditions. As stated earlier, delivery reliability is
the ultimate result of a long series of steps performed correctly (Maskell, 1991).
In other words, it requires a continuous effort to eliminate waste to reduce cycle
time and to shorten lead time at every stage of production, in addition to correct
scheduling, quality assurance, and on-time deli veries o f parts and components.
What is the relationship between use of practices o f the integrated model
and company performance? The next subsection attempts to address this matter.
3.4.3 . Linking Practices o f the Integrated Model and Company Performance
The impact o f an improvement program is ideally evaluated by identifying its
potential benefits in improving organisational performance and its effects in
enhancing competitive advantage. Table 2.5 (p. 34) shows several versions of
integrated models along with their accompanying sets of practices, and their
impact on company performance. The following paragraphs assess the impact of
implementing the integrated model on organisational performance.
In accordance with one of its objectives, that is, to investigate the
existence o f synergy in the application o f practices of the integrated model leading
to improved performance, this study classifies the use of practices as independent
variables, and company performances as dependent variables. Table 3.6 attempts
to relate the use o f practices to both business and manufacturing performance. It
is developed by way o f reviewing the practices o f the integrated model discussed
earlier as well as consulting previous empirical research. The impact o f practices
on manufacturing performances can be direct ( # )or indirect ( © ). Their impact
on business performances is merely indicated by a check mark (</).
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31. Uniform workload
-.32.Just-inr:Time-s.chedulin£______________
.33..Kanban___________________________
D.

€

•
•

9

9
9

€

€

€

€

€

€

€

€

€

€
€
€
C
€
€
€

✓
✓
✓

✓
✓

✓
✓

✓
✓

✓
/

✓
✓

✓

✓

✓

✓

✓
✓
✓
✓
✓
✓
✓

✓
✓
✓
✓
✓
✓
✓

✓
✓
✓
✓
✓
✓
✓

✓
/

TPM practices

34. TPM—Equipment Management________ € € € 9 ©
€ •
€
35. TPM—Preventive Maintenance________ € €
€
€
•
©
€
36. TPM—Autonomous Maintenance______
€ •
€
37. Maintenance Prevention______________ € €
€
•
€
€
€
38. Maintenance Management-System______
Note: M anufacturing Perform ances
6. On-time delivery
1. In process defects or rework
7. Lead time (production)
2. Returns of already-delivered products
8. Cycle time
3. Manufacturing costs
9. Space efficiency
4. Maintenance costs
10. Equipment availability
5. Inventory turnover_______________

€
€ €
9 9 € € €
€
€ €
9 9 € € €
€
€ ©
9 9 € € €
€
€ €
9 9 €
€ €
€
€ €
9 9 € € €
Direct
C Indirect
11. Equipment performance efficiency
12. Labour productivity
13. Employee morale and motivation
14. Accident frequency
15. Capital investment efficiency

9
9
9
9
9

✓
✓
✓
✓
✓
✓
✓
✓
✓
/
✓
✓
✓
✓
✓
Bus P e r f o r m a n c e s
/
✓
✓
✓

Q = Qual i t y
C ~ Cost
D = Del i ver y
F = Fl exi bi l i t y

Table 3.6: The Impacts of WCM Practices on Company Performance (Continued)

1

Manufacturing Performances
3
4
5
6
7 8
9 10 11 12 13

Practices

As seen in Table 3.6, most of infrastructure practices indirectly influence
all the manufacturing and business performances. The practices under supplier
relationships indirectly affect quality performances (items

1

and 2 ), manufacturing

costs (item 3), and all the four JIT performances (items 5 to 9). Poka-yoke has
direct impact on improving performances of in-process defects and manufacturing
costs by preventing defects from occurring. Quality audits lead indirectly to
improved performance in quality, costs, and responsiveness by pinpointing the
opportunities for improvement in these areas. VA/VE has a direct impact on
improving manufacturing costs due to its ability to search for lower cost
components without degrading the quality o f the final product.
Applied in concert, the core practices pursue complementary goals. In
business performances, TQM, JIT and TPM practices focus on improving the
performance of quality (Q), responsiveness (C and D), and equipment related
losses (C) respectively, but they also contribute to the performances o f others. In
particular, TQM practices under product design and customer focus aim at
reducing in-process defects and, hence, reducing return (rejection rate) of
delivered products. In addition to targeting reduced in-process defects and return
products, SPC influences the attainment of all other performances (similar to
those o f infrastructure practices).
JIT practices concentrate on improving the performances of inventory
turnover, on-time delivery, production lead times, and cycle times. But they also
contribute to improved quality performance (reduced in-process defects and
return products), reduced manufacturing costs and, to some extent, to increased
labour productivity. Likewise, in addition to direct impacts on improving
equipment related performance, TPM practices indirectly bring about enhanced
performance of quality and responsiveness, even increased labour productivity,
employee morale and motivation, and reduced accident frequency.
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3.5.

Conclusion

A detailed discussion o f the integrated production system has been presented in
this chapter. It covers the theoretical perspective for such an integration, the
accompanying set of practices, and the suggested methods o f measuring
company performance. It is aimed at developing a better understanding of the
role of the integrated model in achieving manufacturing excellence.
Having shown that the combined principles of TQM, JIT and TPM may
lead to synergies in improved company performance, the framework o f the
integrated model or a new framework o f WCM is established. This framework
aims at illustrating how the interaction o f infrastructure and core approaches can
produce improved performance in quality, cost, delivery, and flexibility.
Based on the above framework, the present study proposes 38 practices of
the integrated model. They are classified into common infrastructure, TQM, JIT
and TPM practices. While TQM, JIT and TPM practices are the core practices
for realising improved company performance, their success requires the support
of the infrastructure practices.
Besides the use of practices, efforts to achieve manufacturing excellence
requires a company to modify the methods of measuring and monitoring its
performance. Therefore, the present study proposes 15 measures of performance
as key performance indicators (KPI) to assess company progress over time.
These measures are mostly process-oriented and emphasise non-financial
performance, and incorporate the measures o f effectiveness, efficiency, and
adaptability. Finally, the link between the use of practices and company
performance is also verified.
The ultimate objective o f the establishment of the integrated model is to
guide a company in developing production fundamentals required to satisfy everchanging customer requirements and environment. Therefore, a bigger picture
describing the interaction of a company with the outside world is needed. The
next chapter will discuss this matter.

Chapter 4
Guidance for Implementing the Integrated Production System

4.1.

Introduction

This chapter discusses the remaining issues o f the integrated model that have not
been addressed in the previous chapter. In particular, they are concerned ’with
development of guidelines for implementing the integrated production system.
Firstly, a continuous improvement framework for implementing the integrated
model and measuring company performance leading to manufacturing excellence
is established. This framework, hereinafter named as Manufacturing Technology
General Framework, is described in terms o f a path diagram involving three
major manufacturing activities: input, technological and output activities.
Secondly, a (statistical) relationship between the use of practices of the integrated
model and company performance is constructed. Thirdly, an optimisation model,
depicting a relationship between the use of practices and company performance,
will be developed. This model, hereinafter termed Manufacturing Technology
Optimisation Model, seeks to demonstrate that an appropriate selection o f the
practices may lead to optimised improvement of company performance.
4.2.

Manufacturing Technology General Framework

A theoretical review o f the integrated model along with the accompanying set of
practices and their impacts on company performance has been elaborated in the
previous chapter. The next question is: How to guide a company in implementing
the integrated production system in a real world in such a way that continuous
improvement o f company performance will take place?

The answer lies in the

framework o f Figure 4.1, which will be discussed in the following paragraphs.
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Figure 4.1: Manufacturing Technology General Framework

......... B ...........
: Ever-changing :
: requirements :

i (1)
I Business i

(4)

(5)
Application
o f Practices

A M astnictorepractices
♦ P ro b le m so lv in g
♦Ençtoyee involvement
♦Supplier relationships
♦Woitylace management
•O th e r continuous
improvement practices

Company
^îaractcrigtics
♦Size
•Product
•Procès s
•Strategy

B.

T Q M p ra ctices
♦Product design
♦Customer focus
♦Process management
C.
J I T practices
D.
T P M practices

Implementation path
* 4 ......... Performance path

(6)
Manufacturing
performance
(internal parameters)
♦In-process q u ality
♦Returns of products
♦M anufacturing cost
♦M ain ten an ce c o it
♦Inventory turnover
♦Lead t i me

♦Cycl e time
♦S pace u tilis a tio n
♦Equipment availability
♦Equipment performance
♦ U l m productivity
♦EnployfienoolAinolMbon
♦A ccident frequency
♦Capital
eacy

{?.).
Ever-changing
environment
-Internal
-External

Figure 4.1: Manufacturing Technology General Framework

(7)
performance:
(ata^ p arm taj)

^ Q u a lity
# Co s t
# Delivery
# Flexibility

Developed by the author, Figure 4.1 illustrates the interaction between a
company and its environment. As mentioned in Chapter 2, manufacturing
excellence is a dynamic collection o f production fundamentals required to
generate sufficient capabilities within the framework o f satisfying ever-changing
customer requirements and environments, the two primary forces that constantly
challenge a company to improve its performance over time. Like quality,
manufacturing excellence has never been completely achieved. However, every
company has to maintain its efforts in realising it, otherwise its survival will be in
danger. Thus, the fram ew ork can be viewed as a continuous improvement
instrument fo r an organisation in its effort to attain and maintain excellent
performance in manufacturing.
The framework has two paths: the implementation path (solid arrow-lines)
and the performance path (dotted arrow-lines). The first path, which in Figure
4.1 links boxes 2 to 6 , is within the control of a company; hence, it incorporates a
series of points in which decisions regarding its efforts to improve performance
may be made. The second path, which links boxes 7, 8 , 9, and 1, lies outside the
control of a company. Therefore, a company can only monitor and, to some
extent, influence the changing pattern of the external forces.
The framework begins at the initial level (1), and ends with a modified
and improved level (7), of company performance due to the implementation of
the integrated production system. In turn, the improved level (7) becomes the
initial level of performance (1) in the next cycle o f improvement. The cycle
starts with a requirement to improve performance, and is initiated by setting
performance goals or targets (3). This is as a result of a company’s decision to
accommodate the forces originating from ever-changing customer requirements
( 8 ) and environment (9), both internal and external. Internal forces may come
from internal customers and/or company stake-holders. External forces may
emanate from external customers, vendors, and/or competitors.
A decision to improve organisational performance is confirmed by the
establishment o f performance targets (3). Some companies do set the targets,
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and others do not. Setting targets can be viewed as an effort to satisfy everchanging customer requirements and environment and is done by considering
company characteristics ( 2 ) and previous or historical measures of performance
(6

and 7).
Then, a company encounters a problem of selecting improvement methods

(4). In particular, the present study concerns three methods to choose from:
TQM (B), JIT (C) and TPM (D). As seen in the figure, B, C and D overlap in
the sense that they share some common principles and practices (A). In this case,
a company may decide to adopt one, two, or all the three methods together.
These methods are adopted by considering their agreement with company
characteristics (2 ) and those that are able to produce the performance targets ( 3 ).
Similarly, having decided which improvement methods to adopt, a
company is confronted with a decision to use the appropriate practices ( 5 ) in the
framework of implementing the methods which are able to produce the intended
performance targets. Using a similar grouping with that of methods, the
practices are classified under infrastructure (A), TQM (B), JIT (C) and TPM (D)
practices. Descriptions o f these practices can be seen in Table 3.2 (p. 44 - 46).
As suggested in Table 3.6 (p. 71 - 72), a company may select certain core
practices that are required to improve certain manufacturing performances or
other practices to support the efficacy of the core approaches. The usage of some
practices is therefore mandatory. This is particularly true for infrastructure
practices (e.g. problem solving and employee involvement and empowerment).
The use of an appropriate set of practices will bring about the betterment
of manufacturing performance or internal parameters (6 ). The internal parameters
involve 15 variables. As seen in Table 3.5 (p. 67 - 68 ), they are related to the
criteria of effectiveness, efficiency, and adaptability. Accordingly, improved
manufacturing performance will lead to improved business performance or
external parameters (7) in terms o f reduced cost, improved quality, delivery, and
flexibility, and innovativeness (Miltenburg, 1995).

While the measurement o f internal parameters are within the control of,
and measurable by, the production system, the external parameters can be
directly perceivable or measurable entirely by customers or by the upper level
system (business unit image). Therefore, in order for a company to be able to
respond to its ever-changing customer requirements ( 8 ) and environment ( 9 ),
there should exist a mechanism which can communicate and translate the
changes into the desired company performance. The communication and
translation of the voice of the customer into product specifications, for example,
can be achieved by the use of QFD (Eureka and Ryan, 1988) and customer
survey, the TQM practices o f the integrated model. The combination of
implementation and performance paths will allow a corporation to make
continuous improvement in manufacturing and business performance.
The other side of the coin is that this framework allows a company to
make continuous improvement in production fundamentals that are required to
generate sufficient capabilities for the purpose of satisfying ever-changing
customer requirements and environment. In this case, efforts of continuous
improvement in production fundamentals can be assessed by monitoring and
measuring internal parameters or key performance indicators, which are within
the control of a company.
4.3.

Relationship Between the Use o f Practices and Company Petformance

In addition to the continuous improvement framework explained earlier, models
for guiding a company in obtaining optimal conditions in the implementation of
the integrated model are also necessary. The present study attempts to develop
two kinds o f models: statistical and mathematical relationships. The first model
aims at providing concisely a comprehensive representation of dependence
relationships (Hair et al., 1995) that will be empirically investigated in the
following chapters. The second model seeks to establish a scientific basis, in the
form o f a mathematical formulation, indicating how the optimal conditions are
achieved. This section accomplishes the first task, and the next section the latter.
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Two statistical relationships are developed in this section. The first (1) is
the relationship between the implementation of improvement methods and
company performance. Adoption of a method may lead to improved performance
only when it is followed by the application of its practices (0). The second (2) is
the contribution of indi vidual practices of the integrated model to improved
manufacturing performance and, hence, to improved business performance.
Adapted from Figure 4.1, Figure 4.2 illustrates these two relationships.
1

Figure 4.2: Relationship between the Implementation of Methods, the Use of
Practices, M anufacturing and Business Performance
A statistical relationship is based on the correlation of one or more
independent variables with one or more dependent variables (Hair, et al., 1995).
Measures of association, typically correlations, represent the degree of
relationship between the two variables. It is especially useful when there exists
some random component to the relationship being examined.
The basic premise of this first model is that implementation o f human
oriented improvement strategies (TOM, JIT, TPM, FMS, TOC, MRP, CIM) will
provide a company with a better level o f business performance, B —B + AB,
required to stay and overcome competition, where B ’ is improved business
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performance, B is initial business performance, and AB (the random component)
is the additional business performance obtained through implementing one or
more improvement strategies.
The relationship between the implementation of methods and company
performance is very complicated. Many factors may influence the efficacy of
their implementation, leading to improved performance. Organisational suitability
to the improvement method (e.g. Hayes and Wheelwright, 1979), duration of its
implementation (e.g. Voss and Blackmon, 1998), and the application o f practices
(e.g. Womack, et al, 1990), are among other determinants o f success mentioned
in several articles.
For simplicity, the present model considers duration of implementation to
be a sole constituent affecting company performance for two reasons. Firstly, an
improvement program takes time before its benefits are reaped, hence, the longer
a company experiments with it, the better possibility that the company may
achieve its benefits. Secondly, time is the only factor for explaining the rest of
other determinants, since it reflects a company’s decision to continue or stop
implementing an improvement program due to its perceived outcomes. The third
factor will be elaborated in detail in the second model.
The present study will focus on four business performances (Quality,
Cost, Delivery and Flexibility). This accords with previous discussions. Each
performance has its own measurement standard. The quality level of a company,
for instance, is measured as a composite of quality performances. It is a
laborious task to measure company performance this way. Again for simplicity,
the level of company performance is estimated using management perception of
company performance against its competitors (using the five Likert scale).
In mathematical notation, the relationship between the implementation of
improvement methods and business performance can be written as:
Z1 + Z 2 + Z 3+ Z 4

=

(dependent variables)
(company performance)

f(

+

12 +

... + I 7 )

.............................. ( 1 )

(independent variables)
(improvement methods)
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The strength of the relationship between two sets of multiple variables
can, for example, be measured using a multivariate method called ‘Canonical
Correlation’ analysis. Besides quantifying the strength of the relationship (if it
exists), the results of a canonical analysis may suggest answers to questions
concerning the number o f ways in which the two sets of variables are related and
the nature of the relationships defined (Hair et al., 1995). In the case of (1), this
analysis can determine the relative contribution of the improvement methods as
well as the company performance to the relationship formed.
The basic premise of the second model is si milar to that of the first model:
the use ofpractices o f the integrated model will provide a company with a better
level o f manufacturing performance, M ’ = M + AM, to enable it to improve
business performance, B ’ = B + AB, which are required to stay and overcome
competition, where M’ and B’ are improved manufacturing and business
performance respectively; M and B are the initial manufacturing and business
performance respectively; and AM and AB are random components representing
the increments in manufacturing and business performance respectively.
The second model investigates two relationships: (1) the relationship
between the use of practices and manufacturing performance, and (2 ) the
relationship between the use of practices and business performance (see Figure
4.2). Hence, the present models attempt to examine the impact of using 38
practices on 15 manufacturing performances and, in turn, on four business
performances mentioned above. It also explores the impact of using 38 practices
directly on business performance.
Again for simplicity, the level of manufacturing performance is estimated
using the management’s perception of the company’s performance against its
competitors. Also, the measurement of the use of practices, along with their
effectiveness, is assessed using the management’s perception of the applicability
and effectiveness of the practices in the company.

8 2

In mathematical notation, the three relationships can be written as
Y i + Y 2 + . . . + Y 15
=
(manufacturing performance)

f ( Tj + T2+ ... + Tsg )
(the use of practices)

.............

Z l + Z2+... + Z 4
(business performance)

f ( T 1 + T 2 + . . . + T 38)
(the use of practices)

.............. (3)

=

(2 )

As the case of (1), relationships (2) and (3) may also be analysed using
1Canonical Correlation’ to determine the relative contribution of both
independent and dependent variables to the dependence relations defined.
4.4.

Manufacturing Technology Optimisation Model

This section attempts to develop an optimisation model for guiding a company in
obtaining optimal conditions in the implementation of the integrated model.
What is meant by ‘optimal conditions’? Is there only one or are there more such
conditions?
As seen earlier, implementing the integrated model involves applying a
new approach to manufacturing based on the principles o f TQM, JIT and TPM
(Table 3.1, p. 41) along with using some or all of the suggested practices (Table
3.2, p. 44 - 46), and adopting the methods of measuring performance (Table 3.5,
p. 67 -

68)

for achieving manufacturing excellence. Here, optimal conditions are

accomplished through appropriate selection o f practices which lead to the
greatest improvement in vis a vis: effectiveness, efficiency and adaptability.
In the above definition, the labels ‘TQM’, ‘JIT’ and ‘TPM’ are not really
important. The most important point is how to guide a company to adopt the
principles and to implement the practices in such a way that optimal conditions
can be achieved, if possible in a short time, leading to satisfying ever-changing
customer requirements and enviromnent.
The development o f the model in the following paragraphs follows a logic
similar to that developed by Arndt (1985) in constructing a generalised
technology improvement theorem. In this case, practice of the integrated model
can be viewed as similar to technology transfer. The basic premise is that the use

o f the practices will lead to improved organisational performance (P = P0 +
AP). However, the resulting additional improvement (AP) depends heavily on
the willingness of a company to allocate resources, which can usually, but not
always, be expressed in monetary terms, R* so that
AP=f(Ri)

.......................................................................................W

In a manufacturing system, as explained before, a measure of company
performance can be based on: effectiveness, efficiency, and adaptability. So it is
logically valid to assume that resources are allocated to improve company
performance in these aspects. Now (4) can be written as:
AP = f (Rx + R2 + R3)

.................................................................. (5)

where Ri , R2 , and R3, represent company efforts, by way of allocating
resources, aimed at improving performance respectively pertaining to the
dimensions of effectiveness, efficiency, and adaptability.
Although the relative importance of allocating resources via Ri , R2 , and
R3 may vary among manufacturers, they should be concerned first with
effectiveness (doing the right things), and then with efficiency (doing things
right) [Hill, 1995; Miltenburg, 1995]. Therefore, in the present study, top
priority is Ri. No previous reference is available about the order of importance
of R2 and R3. It depends on the circumstances. Companies that choose to
compete based on price will allocate more resources via R2rather than via R3,
but those which wish to improve their speed of operation will opt for the other
choice. Whatever the situation, it does not make much difference to the
following discussion.
The contributions of Rj , R2 , and R3 are time-dependent, and (5) can
further be expressed as
AP = AP Ci + AP C2 + AP C3

|

C ! + C 2+ C 3 =l

............... (6)

where Q , C2, and C3, represent the relative contributions to additional
improvement on company performance due to resource allocation aimed
at improving the dimensions of effectiveness, efficiency, and adaptability
respectively.
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The company performance (P) will remain unchanged, or AP = 0, unless
there are additional improvements in one o f the three, or at least Q , C2, or C3 >
0, assuming that there is no negative impact on performance. In addition to the
amount of resources provided, the relative magnitudes o f Q , C2, and C 3 are
determined by the initial performance (P q) and the driving forces from its
customers and environment. A high performance company shows improvement
more slowly than a low performance company. A company in a protective
industry has less incentive to change than that of a competitive industry.
Thus, (6 ) can be simplified into
AP = AP, + AP2 + AP3 .......................................................................... (7)

where APj , AP2 , and AP3, represent the additional improvement to
company performance with respect to effectiveness, efficiency, and
adaptability respectively.
Equation (7) implies that overall improvement in company performance
(AP) is the sum of improvements in each component. Whatever the initial
performance (Po), the primary objective of using the practices is to raise the level
of manufacturing performance on each dimension so that the overall system
performance (P0+AP) will improve. A further logical question is “Is there a
better way to allocate resources that leads to maximum AP?”
The answer to the above question needs a definition of a business process.
According to Pall (1987), it is a logical organisation of resources in the form of
people, materials, energy, equipment, and information into work activities
designed to bring about a required end result (product or service). Moreover,
Riley (1999) asserts that the process is effective if the output meets customer
needs; it is efficient when it is effective at the least cost; and it is adaptable when
it remains effective and efficient in the face of changes that occur over time.
In view o f the above definition, the practice of the integrated model aims
at improving manufacturing performance via a better management o f three
dominant resources existing in a company: people, equipment, and others (e.g.
materials, energy, and information). Hence, Equation (7) can be written as:

AP = (a + p + y ) AP, + (a + p + y) AP2 + (a + p + y) AP 3

(B)

or
AP = a( AP, + AP2 +AP3) + p(AP, + AP2 +AP3) + y(AP, + AP2 +AP3)
a+p-t-y = 1

......................................................................................... (9)

where
a:

the relative contribution to company performance due to improved
management of people;

P:

due to improved management o f equipment; and

y:

due to improved management of others (materials, energy, and
information).

Equation ( 8 ) implies that the additional improvement in each dimension
results from a concerted effort in improving in the management of people,
equipment, and others simultaneously. Equation (9) implies that improved
management of people, equipment, and others may bring about improvement of
company performance in all the three dimensions.
As seen in Figure 3.2 (p. 42), HRM plays a critical role in managing
infrastructure and in supporting the core approaches. In fact, improved
management of people contributes to improved management of equipment and
others. In other words, P and y in Equation (9) contain people contribution.
Separating people component from P and y, then a + p + y =

1

can be written as

a +(P i + P2) + (Yi +Y2)= 1
where
P2 and y 2 are the contributions of improved management of “people” to
improved management o f equipment and others respectively;
P, : the relative contribution to company performance due to improved
management of equipment after separating people component; and
y, : the relative contribution to company performance due to improved
management o f others after separating people component.
Or

(a + p2+ y2) + Pi + Yi) =

Or

cq + Pi +Yi = 1,

1

where a, = a + p2+ y2 is all “people” contributions.
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Now, people contribution can be significantly enhanced when a company
attempts to involve and empower employees in every aspect o f management,
cii can be greater than both pi and yj. As seen in Table 3.3 (p. 62 - 63), a new
approach to managing equipment includes transfer of responsibility and authority
from maintenance specialists to operators. Also, Hirano (1990) argues that there
are twelve types o f resistance to a new approach to managing workplace ( 5 S),
which originate from the shop-floor or clerical staff (dealing with the
management of people).
Equation (9) then becomes
AP = a^APj + AP2+AP3) + Pi(APj + AP2+AP3) + y^APj + AP2+AP3) .(10)
or
AP = a 1(AP1+ AP2+AP3) + (p1+ y1) A P j + ( p 1+ y1) ( AP2 + AP3) ......(11)

In view of the above explanations, companies should focus on the first and
second parts of Equation ( 1 1 ). The first part implies that, if ai can be made
greater than both Pi and yi, improved management o f people may lead to
significant improvement in effectiveness, efficiency, and adaptability respectively.
The second part implies that resource allocation aimed at improving the
management of equipment and others should concentrate first on improving
company capability in doing the right things, before improving efficiency and
adaptability (the third part of the equation).
The next question is “Is there any way to speed up improvement in a
reasonable time?”

The answer lies in the first part of Equation (11). The

management o f people is the most “tangible” and most easily influenced
(Arndt, 1985), yet its success in improving company performance is determined
by many factors. Education (learning in formal school) and training (learning
on the job) are the two most critical factors in improving the employees’ skills,
and hence, in obtaining a sustainable competitive success (Pfeifer, 1994). In
fact, these are at the root behind the growth in American productivity in this
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century (Camevale and Goldstein, 1990) and also that country’s declining
position in the world market in the 1980s (Barton and Kirsch, 1990).
If the contribution to additional company performance due to improved
management of people (aj) is split into education (an), training (an), and others
(an), then the first part of Equation (l 1) can be written as
AP first = (an + a n + a 13) (APi + AP2 + AP3) ............................... (12)
Since formal education and others (e.g. employee relations) can only lead
to long-term improvement, the best way to improve company performance
“quickly” is via industrial (e.g. on the job) mass-training. This is particularly
true in the case of improving the ‘effectiveness’ aspect of the performance (APj).
Then, Equation (12) can be written as:
AP nrst ~

«12

(APi + AP2 + AP3) + (an + ai3) (APi + AP2 + AP3)

or

AP first ~

«12

APi + a i2 (AP2 +AP3) + (an+ ai3) (Ap! +AP2 +AP3) ........ (13)

Additional improvement of APfirstcan be accelerated by multiplying the
amount of industrial training, particularly concerning with the improvement in
effectiveness. Thus Equation (13) becomes
AP first= kai 2 APi + a 22 (AP2 +AP3) + (an+ai3) (APi +AP2 +AP3) ..... (14)
where k »

1.

Figure 4.3 illustrates the progress of company performance over time. In
this case, for simplicity, only Equation (14), or the first part of (11), AP first, is
depicted. The whole of (11) can easily be visualised using a similar logic.
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P e r fo r m a n c e

There are several lessons a company can leam from the above model:
Firstly , a manufacturer should focus first on improving its capability in
‘doing the right things' before pursuing efficiency and adaptability. This can be

achieved when every employee in the company has excellent skills: (1) required
by its products, manufacturing processes and customers (both internal and
external); (2) in improving and maintaining industrial housekeeping; (3) in
improving and maintaining the condition of his/her own equipment; and (4) in
problem solving. Except (3), all of the above are concerned with the use of
practices under infrastructure.
Secondly, the achievement of the above can be accelerated by providing

employee training on the j o b . This was called Training Within Industries (TWI)
programs, originated in the United States, implemented in Japan after the second
World War, and had significant contributions to the industrial development of
Japan (Robinson and Schroeder, 1993). Besides being less costly, on the job
training is preferred because it provides diands-on’ learning experience that
facilitates learning transfer and can fit into the organisation’s flow of activities
(Schuler et al., 1993).
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Thirdly, the quest to improve company performance may then be
continued by attempting to increase the efficiency. This can be done using some
practices of the core approaches, among others. According to Enkawa (1998),
TQM expands its product life cycle by developing quality at source via product
design; JIT extends its materials flow via supply chain management towards
integration o f suppliers; and last but not least, TPM continues its equipment life
cycle via total maintenance system to include MP, MI and PM. On the job
training alone is not enough to achieve efficiency. This is especially true when a
concurrent engineering methodology is applied, wherein, engineers should have
expert skills and multiple expertise (Adachi et al., 1995). The ultimate
achievement of efficiency is what Womack and Jones (19%) term as ca lean
thinking to produce a lean enterprise.5 Thus, formal education to some extent
plays an important role in enhancing efficiency.
Fourthly, the pursuit of adaptability may proceed simultaneously with that
of efficiency. Unfortunately, there are few references on this matter. Agile
manufacturing is the closest term, which embodies four principles: enriching the
customer, cooperating to enhance competitiveness, mastering change and
uncertainty, and leveraging people and information (Goldman et al., 1995). The
primary goal is to respond quickly to changing customer requirements in terms of
products, lot sizes, and customised demands for individual customers, et cetera
(Gyma, 1999).
Adaptability signifies maintaining effectiveness and efficiency in a
changing environment. Hence, in addition to the above efforts, companies have
to use several other practices in order to improve its adaptive ability. JIT
practices of the integrated model are among the core practices leading to its
realisation. But their success has to be supported by both other core practices
under TQM and TPM and infrastructure practices (e.g. supplier partnerships).
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4.5.

Conclusion:

One framework and two models have been developed in this chapter. These can
not be separated from the integrated model discussed in the previous chapter.
Together they constitute a new perspective on achieving manufacturing
excellence in the current and future competitive and dynamic marketplace.
A continuous improvement framework for implementing the integrated
system and measuring company performance has been established. This
provides an excellent guide for a company in its efforts to accommodate everchanging customer requirements and environment. A theoretical framework
relating the use of improvement strategies and practices to company performance
has been constructed. These portray dependence relationships that should be
further analysed. Finally, an optimisation model relating the use of practices to
company performance was developed. This model helps to guide a company in
obtaining optimal conditions in implementing the practices of the integrated
model.
The next important issue is application of this framework and model in the
real world. Further empirical evidence is needed to justify their efficacy. In
Chapter 5, therefore, hypotheses will be presented, and in Chapter 6 , the research
methodology will be established. These are the instrumental in assessing the
validity of the theoretical findings elaborated in this and the previous chapters.
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Chapter 5
Development of Hypotheses and Expected Results
5.1.

Introduction

The purpose of this chapter is to discuss the development o f hypotheses and
outline the expected results. As stated earlier, the present study aims to address
the following four research questions:
a. To what extent do Australian manufacturers apply TQM, JIT and TPM?
b. Is there any difference in performance between manufacturers implementing
and not implementing TQM, JIT and/or TPM?
c. How to implement the integrated production system and measure company
performance in order to gain the full benefits of its application?
d. Is there any synergy in the relationship between the application of practices of
the integrated system and the resulting company performance?
There is no need for hypothesis to answer the first question. The analysis
of the extent to which Australian manufacturing organisations implement TQM,
JIT and TPM is aimed to understand if there is a performance gap caused by
difference in implementation of the three methods between manufacturers in this
country and those of leading manufacturers. When the gap does exist, what
recommendations and action plans should be developed in order to accelerate
their implementation and, hence, to reduce the gap.
To lead the development of action plans, hypotheses relating to the second,
third, and fourth questions will be established. These hypotheses are concerned
with explaining performance differentials between companies using TQM, JIT
and/or TPM and those not using them; developing guidelines for implementing
the integrated production system; and investigating the existence of synergy in
the application o f practices of the integrated model and its impacts on improving
organisational performance respectively. These hypotheses are also useful to
direct subsequent work to be presented in the following chapters.
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5.2.

Explaining Performance Differentials

As stated in the preceding chapter, the basic premise o f both statistical and
mathematical models is that the implementation o f human oriented improvement
programs (TQM, JIT, TPM, FMS, TOC, MRP, CIM) will enable a company to
achieve a better level o f performance, and thus to remain competitive. Although
this argument has been empirically verified for each improvement strategy, the
impact of combined implementation on performance has rarely been revealed.
In particular, the present study is concerned with the impact of TQM, JIT
and TPM on company performance. The choice of these Japanese production
methods is in accordance with that of Hayes and Clark (1985) in explaining
differences in productivity among plants in the U.S. in the 1980s. This study
found that the causes of declining productivity in American companies were
related to three measures of performance originating from the practice o f
manufacturing operations in that country: waste, work-in-process (WIP)
inventory, and confusion in the factory. This study argued further that the major
source of waste came from a desire to increase production throughput rate over
time; high WIP inventory was motivated by a desire to maintain costly equipment
running and to be more responsive to customer demand; and the confusion
stemmed mostly from continuous expansion of manufacturing tasks caused by an
ever larger factory size (in contrast with what Skinner (1985) refers to as
‘focused factory5). All these three matters are among the issues tackled in the
integrated production system.
The positive influence of TQM, JTT and TPM on company performance has
been confirmed in several articles: Lawrence and Hottenstein (1995) and Huson
and Nanda (1995) for JIT; Hasan and Kerr (1997), Hendricks and Singhal (1997),
and Hausner and Arndt (1999b) for TQM; and Luxford (1996) and McKone et al.
(1999) for TPM. The benefits o f a combined approach (JTT and TQM) have also
been examined in Flynn, et. al. (1995b). Yet, the impact o f concurrent use o f all
the three methods on company performance has only been analysed theoretically.
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To evaluate the impact o f implementing TQM, JIT and TPM, both
individually and simultaneously, on company performance, two hypotheses are
developed as follows:
Hypothesi s 1 :

Companies implementing at least one of TQM, JIT or TPM
outperform those which do not implement any of these methods.

Hypothesis 2:

Companies implementing a combination of TQM. JIT and TPM,
or all the three methods concurrently outperform those which
implement only one of them.

As explained in the previous chapter, the adoption of TQM, JIT and TPM
is motivated by a company’s desire to accommodate changes in customer
requirement and environment. This desire is manifested in setting performance
targets. Hence, the level o f success of their implementation is influenced, to some
extent, by the existence of performance targets and the way the performance
targets are established.
Setting performance targets can be done in several ways. Competitive
benchmarking has been invaluable to the Xerox Corporation (Camp, 1989).
Price targeting and value engineering are an integral part o f the quality approach
embraced by Toyota and other major Japanese manufacturers in their strategy to
penetrate Western markets (Maskell, 1991). Moreover, Schneiderman (1981)
devises an innovative concept, called the ‘half-life’, where the half-life is the time
required to improve the level o f performance (e.g.

10 %

reject rate) to half o f the

previous level (e.g. 5% reject rate). In a WCM environment, the targets have to
be established realistically, using common sense or unsophisticated goal-setting
techniques, and more importantly, involving employees in the target setting
(Maskell, 1991).
In light of the above discussion, two additional hypotheses are developed:
Hypothesis 3:

Companies implementing a combination of TQM, JIT and TPM,
or all the three methods concurrently and setting performance
targets outperform those which do not.
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Hypothesis 4:

Companies implementing a combination of TQM, JIT and TPM,
or all the three methods concurrently and setting performance
targets bv involving (shopfloor) employees outperform those
which do not.

The last two hypotheses agree with the suggested Manufacturing
Technology General Framework developed in the preceding chapter. It is
expected that the validation o f the four hypotheses will result in the development
of a "new explanation’ concerning the classification o f companies into five
performance categories as follows:
1. Low performance companies are those which do not implement any of the
three methods.
2. Low to moderate performance compan ies are those which implement at
least one of the three methods.
3. Moderate performance companies are those which implement two or all
the three methods concurrently.
4. Moderate to high performance companies are those which implement two
or all the three methods concurrently and set performance targets.
5. High performance companies are those which implement two or all the
three methods concurrently, set performance targets, and involve
employees in setting o f the targets.
While these four hypotheses may lead to a new explanation of differences
in performance, the guidance for implementing the integrated production system,
which is one of the objectives of the present study, has not been fulfilled so far.
The next section will endeavour to achieve this.

5 .5 .

Guidelines fo r Implementing the Integrated Production System

The second group o f five hypotheses presented in this section deals with
evaluating the validity o f the suggested Manufacturing Technology General
Framework (p.76). These hypotheses correspond with both implementation and
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performance paths of the framework. The confirmation or otherwise o f these
hypotheses will result in developing a set of guidelines for implementing the
integrated production system.
The first hypothesis (hypothesis 5) deals with relating plant characteristics
(size, product, process, strategy) to the adoption o f TQM, JIT and TPM. This has
been discussed theoretically by several authors. One of the well-known guidelines
was the Product/Volume-Layout/Flow (PV—LV) matrix developed by Hayes
and Wheelwnght (1979). These authors argued that many characteristics of
production units were functions of two primary dimensions - product structure
(PV) and process structure (LV), which were related to each other as a
consequence of shared life cycles. While this concept is useful and widely
accepted, it does not address the problem of the present study in its entirety in the
sense that this matrix focuses only on two dimensions (product and process), and
dismisses the others (size and strategy).
Furthermore, Lawrence and Hottenstein (1995) found that plant size,
industry (products), and type of production process all affected the impact of JIT
on company performance. McKone etal. (1999) discovered that while there was
significant evidence in the level o f TPM implementation among countries and
managerial context (the implementation status of JTT and TQM), insufficient
evidence did not appear in the level of TPM implementation among industries
and organisational context (size, labour union issues, and equipment age and
type). These findings indicate that many specific factors influence a company’s
decision to adopt TQM, JIT and TPM.
As stated earlier, the existence o f forces also influences the selection of
TQM, JIT and TPM. Therefore, the following two hypotheses aim to observe
whether company characteristics and changes in customer requirements and
environment motivate companies to adopt these methods.
Hypothesis 5:

Various characteristics of companies (size, product, process.
strategy) influence the decision to apply TQM, JIT and TPM.
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Hypothesis 6 :

The ever-changing environment (both internal and external) and
customer requirements influence the decision to apply TQM, JIT
and TPM.

The following two hypotheses aim at providing additional explanation to
the performance differentials among manufacturers implementing TQM, JIT and
TPM. The statistical models about these relationships have been elaborated upon
in Chapter 4. While hypotheses
hypotheses 7 and

8

1

and 2 deal with equation ( 1 ) (see p. 81),

relate respectively to equations (2) and (3) (see p. 83).

In fact, these are cause and effect relationships between the adoption of
TQM, JIT and TPM on one hand and company performance on the other hand.
However, the logical consequence of the adoption, which requires companies to
use the appropriate practices, is very often neglected. Consequently, the intended
benefits may not be realised satisfactorily. Goyal and Deshmukh (1992) argue
that high awareness o f JIT in the West does not accord with its implementation.
Manufacturers in the UK can not attain full benefits from the use of Japanese
production methods because they are focusing more on easy-to-implement
practices rather than those which may generate long-term gains (Voss and
Robinson, 1987). In the implementation of TPM, non-Japanese companies have
made good progress in organising total employee participation, but little
improvement in realising total maintenance system (Blanchard, 1997). Thus,
improved manufacturing and business performance can be accomplished fully
when a manufacturer applies the practices of the integrated model thoroughly.
The two hypotheses concerned with these relationships are as follows:
Hypothesis 7:

A positive relationship exists between the adoption of TQM, JIT
and TPM and the application of their accompanying practices.

Hypothesis 8 :

A positive relationship exists between the application of
practices and the resulting manufacturing and business
performance.
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Validation o f the four hypotheses may lead to developing guidelines for
implementing the integrated production system. How are these hypotheses
related to one another? Figure 5.1, adapted from Figure 4.1, attempts to throw
light upon this matter.

The above figure adds the criteria of high performance companies stated
in the previous section, such companies:
(1) implement two or all the three methods concurrently, set performance
targets, and involve employees in setting of the targets;
(2) accommodate company characteristics and changes in environment
and customer preferences in the selection of TQM, JIT and TPM; and
(3) apply an appropriate set o f practices as a consequence of implementing
the methods.
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The last hypothesis in this section aims also at providing additional
explanation to the performance differentials. It is concerned with investigating
whether the impact o f implementing TQM, JIT and TPM on performance is
influenced by duration of implementation. Unlike the above four hypotheses,
this hypothesis is not part of the suggested Manufacturing Technology General
Framework. However, its validation may lead to guide the implementation o f the
integrated model.
Hypothesis 9:

Duration of implementation o f TQM, JIT and TPM is positively
related to the level of performance.

Up to this point, this chapter has developed hypotheses related to a list o f
requirements which allow a company to attain high performance in manufacturing.
So far, one of the objecti ves o f the present study, investigation of the existence of
synergy in the use o f practices of the integrated production system, has not been
discussed. The following section will tackle this matter.
5.4.

Synergy in the Use o f Practices Leading to Improved Performance

The purpose o f this section is to develop hypotheses about the existence of
. synergy in the use o f practices of the integrated production system leading to
additional improvement in performance. As stated in Chapter 3, the practices o f
the integrated model are classified into Common Infrastructure, TQM, JIT and
TPM practices. Before generating the hypotheses, therefore, it is useful first to
review the contribution of each category of practices to improved performance,
and then, to understand how the interaction of the group of practices may lead to
synergy in performance.
The Infrastructure practices are common to all the three methods and their
use is aimed primarily at supporting the implementation of the core or unique
practices o f TQM, JIT and TPM. Figure 3.6 (p. 71-72) shows that while the use
o f Infrastructure practices in general affects indirectly to almost all of the 15
manufacturing performance variables, the use o f core practices aims directly at
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improving some specific or core manufacturing performances. Hence, the use of
Infrastructure practices alone is related to performance.
The application of TQM, JIT and TPM practices has the core objectives of
improving quality, JIT and Overall Equipment Effectiveness (OEE) performances
respectively. These in turn are ingredients for achieving improved organisational
or business performance of quality, cost, delivery and flexibility. However, the
extent of improvement depends on the extent application of the practices and, as
stated repeatedly in Chapter 3, on the use o f Infrastructure practices. In other
words, the use of Infrastructure practices can be viewed as a prerequisite for
obtaining improved company performance.
From the above discussion, the tenth hypothesis is:
Hypothesis 10: The extent of use o f Infrastructure practices (problem solving,
employee involvement and empowerment, supplier relationships,
workplace management and other continuous improvement
practices) is positively related to the level of performance.
In fact, the crucial role of Infrastructure practices has been ascertained
theoretically and verified empirically in several articles but in different situations.
The theoretical confirmation can be seen in Sugimori et al. (1977) and Harrison
(1994). The empirical evidence can be observed in Flynn et al. (1995a) for TQM;
and Sakakibara et al. ( 1997) and Nakamura et al. ( 1999) for JIT. What is new in
the present study is the incorporation of TPM as one of the core approaches,
besides TQM and JIT. How does the interaction of TQM, JIT and TPM practices
lead to synergy in performance?
In this context, synergy in performance is achieved when the use of certain
core practices leads not only to the improvement in its core performance but also
the improvement o f other core performances. For example, Flynn et al. (1995b)
found empirical evidence that the concurrent use of JIT and TQM practices might
lead not only to the improvement o f JIT and quality performance respectively but
also to improved additional performance of quality caused by the JIT practices
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and to improved additional performance of JIT caused by the TQM practices.
Again, this improvement may be realised when the Infrastructure practices have
already been applied.
By promoting TPM as one of the core methods, the existence of synergy
has to incorporate the three approaches simultaneously. Adapted from the
discussion in Chapter 3, Table 5.1 presents a logical explanation of the synergy.
Table 5.1: Logical Explanations for the Existence of Synergy
Core Organisational Performance
The Practices of the

Quality
(in process defects,
returns o f alreadydelivered products)

JIT
OEE
(equipment availability,
(inventory turnover,
Integrated
equipment performance
on-time delivery,
production lead time, efficiency)
Production System
cycle time)
• Developing quality • Improving process • Forcing to improve
TQM Unique
at source.
and assuring quality
equipment
Practices
leading to reduced
• Focusing on
conditions in order
(product design,
cycle time, lead
to assure quality
customers.
customer focus, process
time,
and
inventory.
parts
and finished
• Process
management)
products
improvement.
JIT Unique Practices • Forcing to improve • Reducing cycle time • Forcing to improve
the process due to • Reducing production equipment
(set up time reduction,
reduced inventory,
conditions due to
lead time
focused factory,
production
lead
reduced
inventory,
• Reducing inventory
group technology,
time, and cycle
production lead
pull production system,
time.
time,
and cycle time
uniform workload,
JIT scheduling, Kanban)
---------------------------- (
TPM Unique Practices • Reducing
• Reducing equipment • Improving
failure, equipment
equipment
(equipment management equipment related
defects
leading
to
set up and
availability
& improvement by teams,
improve quality
adjustments,
• improving
preventive maintenance,
maintaining
equipment
autonomous maintenance, parts and finished
products
equipment speed
efficiency
maintenance prevention,
leading
to
reduced
performance
maintenance management
cycle time, lead
• Improving
system)
time, and inventory.
equipment quality
performance
•
improving
employees’
ability
in
problem
solving
Infrastructure Practices
• Involving and empowering employees in decision making
(problem solving,
employee involvement • Developing partnerships with suppliers
and empowerment,
• Improving employees’ ability in workplace management
supplier relationships, • Others: improving company capability in fail-safing, quality
workplace management
audits, standardisation, cross-functional management, policy
and other continuous
deployment, benchmarking, and value analysis / value
improvement practices)
engineering.
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This table shows that the use o f Infrastructure practices alone has laid the
foundation for improved performance in all dimensions through improved
problem solving, involving and empowering employees, developing partnerships
with suppliers, improved workplace management, and others (e.g. standardisation,
cross-functional management, benchmarking). It also demonstrates that the
concurrent application of the core practices, given the use of Infrastructure
practices, may motivate enforced conditions that lead to additional performance.
As argued in the next chapter that, due to insufficient number o f completed
questionnaires obtained from the mail survey, it is impossible to verify the
existence of synergy in detail. In particular, relationships (1), (2) and (3) in
Chapter 4 cannot be analysed using multivariate techniques (e.g. Canonical
Correlation). Instead, two hypotheses concerning this matter will be investigated
using t-test and regression models. These hypotheses are as follows:
Hypothesis 11 : The use o f at least one set o f unique practices. TQM (product
design, customer focus, process management), JIT (set up time
reduction, focused factory, group technology, pull production
system, uniform workload, JIT scheduling, Kanban) or TPM
(equipment management and improvement by teams, preventive
maintenance, autonomous maintenance, maintenance prevention,
maintenance management system), provides companies a better
level of performance than those which only use Infrastructure
practices, given an adequate use of Infrastructure practices.
Hypothesis 12: The use of any combination of TOM. JIT and TPM unique
practices or o f all the three concurrently provides companies a
better level o f performance than those which only use one of
them, given the adequate use of Infrastructure practices.
Before concluding this section, it is useful to illustrate all possible
synergies in one simple table. Figure 5.2 presents the relationship between
synergy in the use o f practices and improved company performance.
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Table 5.2: The Relationship between the Use of Practices and Company Performance
Possible
Synergy

The Use o f Practices
Infrastructure
TQM
TPM
Practices
Unique
Unique
Practices Practices
•

Perform ance
JIT
Quality
Unique
Practices

OEE JIT

Po
1
i
Svnergv in use o f o n e core nractice. given adeauate use o f Infrastructure nractices
•
•
p.
V
1

p2
p3

•
•

<
1
•

<
V
i
1
Synergy in use o f tw o core practices, given adeauate use o f Infrastructure nractices
•
•
•
P4
•
V
t
#
•
•
p5
•
V
4
#
•
•
P6
V
•
1
•
•
•
P7
V
1
•
•
•
Pg
V
1
#
#
•
•
Po
«
Svnergv in use o f th ree core nractices. given adeauate lise o f Infrastructure nractices
•
•
•
P.0
V
1 •

Notes: • Given use
i Partial improvement

V

4

V Additional use
• Full improvement

Manufacturing competitiveness is based on a foundation of integrating and
overlapping practices (Schonberger, 1986, 1990; Hall, 1987). The common
practices form the Infrastructure of TQM, JIT and TPM, hence, their use is
positively related to improved performance in all indicators. However, unless a
company adopts a complete improvement program (TQM, JIT or TPM), it is
logical to argue that the attained improvement is only partial or incomplete (P0).
Adopting TQM, JIT and TPM means applying the core practices of these
methods in addition to the Infrastructure practices, thus, leading to full
improvement o f the corresponding performance (Pi, P2 and P3). This is what
hypothesis 11 attempts to investigate. In many situations, implementing one
method is not enough to compete in the global market. The next question is:
What is the sequence o f adoption o f the three methods?
There is no previous study about this matter. Historically, JIT was
developed first in the 1950s, TQM in the 1960s, and TPM in the 1970s (Enkawa,
1998). However, JIT required a longer time to develop than TQM so that TQM
(i. e. quality circles) became a recipe of business success in the West in the early
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1980s, followed by JIT in the mid-1980s (Harrison, 1992). Although TPM was
the latest, its adoption grew very fast in the West, including in Australia (Arndt
and Hausner, 1996). The reason for this is that the TQM approach is more abstract
and does not stress short term financial gain compared to TPM (Enkawa, 1998).
Moreover, while TQM and TPM are concerned more with effectiveness, JTT is
aimed at developing efficiency. It is argued in Chapter 3 that manufacturers
should focus on effectiveness first, then efficiency. Hence, the present study
assumes that TQM is more prevalent, followed in sequence by TPM and JTT.
As seen in Table 5.2, TQM is adopted first, followed by TPM and JIT.
However, to accommodate different sequences of implementation, other
alternatives are also shown. Whatever the sequence, P4 to P9 indicate the synergy
in the combined use o f two methods. In fact, three pairs of possible synergies
produce the same level o f performance, i. e. P 4 and P6, P 5and P8, and P 7 and P9.
Finally, superior performance in all three indicators is achieved when a
company implements all the three methods simultaneously (P10). Although, this
case is a rare phenomenon even in Japan (only 30% of companies that win both
Quality awards and TPM awards do implement JIT) (Enkawa, 1998), this option
is useful to indicate that a company should pursue several improvement programs
together, whenever possible, in order to achieve excellence in manufacturing
performance. Hypothesis 12 attempts to investigate the existence of synergy in
the use of any combination o f TQM, JIT and TPM practices or all the three
methods simultaneously.

5 .5 .

Conclusion

Hypotheses explaining performance differentials, providing guidelines for
implementing the integrated production system, and investigating the existence
of synergy in the application o f practices of the integrated system have been
established in this chapter. These hypotheses will be investigated empirically
using data collected from manufacturers in Australia. In order for the results to
be scientifically accountable, a research design has to be prepared. The next
chapter will elaborate upon this matter.
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Before concluding this chapter, Table 5.3 presents the classification of the
hypotheses.
Table 5.3: The C lassification o f the Hypotheses
Primary Hypotheses (Explaining Performance Differentials)

H1: Companies implementing at least one of TQM, JIT or TPM outperform those
which do not implement any of these methods.
H2: Companies implementing a combination of TOM, JIT and TPM, or all the three
methods concurrently outperform those which implement only one of them.
H3 : Companies implementing a combination of TQM, JIT and TPM, or all the three
methods concurrently and setting performance targets outperform those which do
not.
H4: Companies implementing a combination of TQM, JIT and TPM, or all the three
methods concurrently and setting performance targets by involving (shopfloor)
employees outperform those which do not.
First Secondary Hypotheses (Guidance for Implementing the Integrated Model)

H5: Certain characteristics of companies (size, product process, strategy) influence
the decision to apply TQM, JIT and TPM.
H6: The ever-changing environment (both internal and external) and customer
requirements influence the decision to apply TQM, JIT and TPM.
H7: A positive relationship exists between the adoption of TQM, JIT and TPM and
the application of their accompanying practices.
H8: A positive relationship exists between the application of practices and the
resulting manufacturing and business performance.
H9: Duration of implementation of TQM. JIT and TPM is positively related to the
level of performance.
Second Secondary Hypotheses (Synergy in the Use of Practices)

H10: The extent of use of Infrastructure practices (problem solving, employee
involvement and empowerment, supplier relationships, workplace management
and other continuous improvement practices) is positively related to the level of
performance.
Hi 1: The use of at least one set of unique practices. TQM (product design, customer
focus, process management), JIT (set up time reduction, focused factory, group
technology, pull production system, uniform workload, JIT scheduling. Kanban)
or TPM (equipment management and improvement by teams, preventive
maintenance, autonomous maintenance, maintenance prevention, maintenance
management system), provides companies a better level of performance than
those which only use Infrastructure practices, given an adequate use of
Infrastructure practices.
H12:The use of any combination of TQM. JIT and TPM unique practices or of all the
three concurrently provides companies a better level of performance than those
which only use one of them, given the adequate use of Infrastructure practices.
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Chapter 6
Research Design
6.1.

Introduction

The purpose of this chapter is to discuss the research design, an instrument to
answer the research questions raised in Chapter 1 . Zikmund (1997) defines a
research design as a framework of the research plan o f action specifying the
methods and procedures for collecting the needed information. This author
stresses that the objectives o f the study determined in the early stages o f the
research be included in the design to ensure that the collected information is
appropriate for solving the problem.
As stated in Chapter 1 , the objectives o f the present study are:
a. To develop a comprehensive model combining TQM, JIT, and TPM, which is
useful for guiding the implementation o f the integrated model and measuring
company performance towards achieving manufacturing excellence.
b. To seek empirical evidence for the existence o f synergy in the relationship
between application o f the practices of the integrated production system and
the resulting performance.
This study can be categorised as applied research. Applied research
generally includes a sequence of highly interrelated activities: ( 1 ) defining the
problem; ( 2 ) planning a research design; (3) planning a sample; (4 ) collecting
data; (5) analysing data; and ( 6 ) formulating the conclusions.
The previous chapters have elaborated point ( 1 ). This chapter addresses
directly point (2) and (3), and covers indirectly the planning o f other issues. These
include the overall framework o f the present study; methods of data collection,
population and sample; the design of questionnaire and case study; and the design
of data analysis. Data analysis will be carried out in Chapters

7

and 8 . Discussion

o f results will be presented in Chapter 9, and the findings, contributions, and
recommendations o f this study will be presented in Chapter

10 .
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6.2.

The Overall Framework o f the Present Study

This section discusses the overall framework of the present study. First, it is
important to provide a concise representation how the objectives o f the study are
achieved. Table 5 .1 attempts to delineate this relationship between the objectives
of the study, the research questions, and the hypotheses established in the
previous chapters.
Table 6.1: Relationship between Objectives of the Study, Research
Questions, and Hypotheses
Objectives of the Study

Research Questions

a. To what extent do
1. To develop a comprehensive
Australian manufacturing
model combining TQM, JIT, and
companies apply TQM,
TPM, which is useful for guiding
JIT and TPM? *
the implementation of the
integrated production system and
b. Is there any difference in
measuring company performance
performance between
towards achieving manufacturing
companies implementing
excellence.
and not implementing
TQM, JIT, and/or TPM?

2. To seek empirical evidence for
the existence o f synergy in the
relationship between the
application of the practices of
the integrated production system
and the resulting performance.

Hypotheses
No hypotheses

Hypotheses
1 to 4

c. How to guide the
implementation of the
integrated production
system and measure
company performance in
order to gain the full
benefits of its application?

Hypotheses

d. Is there any synergy in the
relationship between the
application of practices of
the integrated system and
the resulting company
performance?

Hypotheses

5 to 9

10

to

12

This relationship is useful for two reasons. Firstly, the development of the
integrated model is not only based on the theoretical viewpoint explained in the
previous chapters, but is also determined by the existence of empirical evidence
supporting the validity o f the propositions (hypotheses). Secondly, it provides a
guide to plan the next activities within the framework o f achieving the intended
objectives.
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6.3.

Methods o f Data Collection, Population and Sample

There is insufficient information on the implementation o f TQM, JIT and TPM
by manufacturers in Australia, particularly concerning the concurrent application
o f these methods. Companies tend to publicise and perhaps exaggerate examples
of successful implementation while understating or hiding instances o f failure.
Publications on TQM implementation in Australia are more prevalent than
those on the other two methods. This is understandable because the quality
movement in this country has started in the mid-1980s (Sprouster, 1984). Its
adoption by Australian manufacturers is not as progressive as that of other
industrialised nations (Arndt, 1995; Sohal et al., 1997). To accelerate interest in
quality, Foley et al. (1997) proposes the Wider Quality Movement as a medium
to discuss quality issues on a national basis. The findings of the present study
will hopefully contribute to the discussion.
The application o f JIT by Australian manufacturers seems very limited.
The studies of JIT by Ramsay, et. al. (1990) and Sohal (1993) do not provide a
clear link between the use of JIT practices and company performance. This is
perhaps one reason for the lack of adoption o f this production efficiency method
in this country. In particular, the implementation status of TPM has never been
assessed on a national level.
In order to answer the research questions mentioned in Table 6.1, a mail
survey on a national basis will be designed in the present study by distributing a
questionnaire to manufacturing companies in Australia. Moreover, to obtain
detailed information linking the use of practices and performance, this study also
organises case studies, that is, follow-up interviews and plant tours, to some
plants which are prepared to participate in the case study.
A mail survey is a self-administered questionnaire sent to respondents
through the mail. This paper-and-pencil method has several advantages and
disadvantages (Zikmund, 1997). These are presented in Table 6.2.
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Table 6.2: The Advantages and Disadvantages of a Mail Survey
Advantages
1. It can reach a geographically dispersed sample
simultaneously.
2. It is relatively cheaper compared with personal
interviews and telephone surveys.
3. It is more convenient for respondents, they can
fill it out whenever they have time.
4. The respondent may reveal sensitive or socially
undesirable information without hesitation.
5. The questionnaire is highly standardised and the
questions are quite structured.
6. It is faster, especially for a national basis survey.

Disadvantages
1. The questioning process is
beyond the control of the
researcher.
2. The respondent does not
have the opportunity to ask
questions in the
questionnaire.
3. If questions or instructions
are difficult to understand,
respondents may use their
own interpretations, which
may be wrong.

Source: Zikmund (1997)
This study attempts to reduce these disadvantages by designing the
questionnaire using the proper method suggested in the literature. This matter
will be discussed in the next section.
A manufacturer can have several plants, where each plant is assumed to
have some common set o f characteristics pertaining to implementation o f TQM,
JIT and TPM. Hence, the ‘population’ in this study is all manufacturing plants
located in Australia and the unit of analysis; or the ‘population element’
(Zikmund, 1997) is defined to be the plant.
While it may be argued that a product line within a plant is a more
appropriate unit of analysis for the question under study, no adequate procedure
can be developed to allow respondents to select a certain product line in an
unbiased way. Moreover, in many cases, some of the information requested in
the questionnaire may not be readily available by a product line. Hence, focusing
on a single product line may lead to respondents’ difficulties and, hence, decrease
the response rate. It is believed that selecting the plant as the element o f
population may reduce the complexity o f data collection, and will not cause
degradation of the collected information.
Due to the limitations of time and cost, and reducing the complexity of
conducting a national-level survey, sampling is recognised in a scientific study to
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be the appropriate choice of data collection. In addition to these restrictions,
Zikmund (1997) argues that, when properly selected, in most cases, samples are
sufficiently accurate in assessing parameters o f the population. How is the
sample determined in this study?
Sampling is cthe process o f using a small number o f items or parts o f a
larger population to arrive at conclusions about the whole population’ (Zikmund,
1997). The selection o f sample for the mail survey pursues the steps suggested
by this author, as follows:
a. Definition of Target Population
Since not all groups o f manufacturing industries were supposed to use TQM,
JIT and/or TPM, it was necessary for this study to concentrate on only some
of them. The selected groups formed the target population of this study.
They consisted o f manufacturers which produce: ( 1 ) electrical, electronic, and
industrial equipment; (2 ) motor vehicles, components, and other transport
equipment; (3) metal products, and (4) chemical and associated products.
Th qfirst two groups were included in the machinery and equipment
manufacturing subdivision. In 1996-1997, they accounted for more than 45%
of employment and almost 50% o f production by this subdivision. In turn,
this subdivision accounted for more than 25% of production o f total
manufacturing businesses (ABS, 1998). The third and fourth groups were
separate subdivisions. Their contributions amounted to more than 10% and
15% of total manufacturing output respectively (ABS, 1998). Taken together,
the four groups, which constitute the target population, provided almost 40%
of the total manufacturing production.

b. Selection of Sampling Frame
A sampling frame is lthe list of elements from which the sample may be
drawn’ (Zikmund, 1997). Although the unit o f analysis was the plant, it was
impossible to send a questionnaire to a certain plant, since there was no list of
plants can be found in the publication.
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In the present study, a list of Australian manufacturers was obtained from
Kompass Australia 1999. However, this reference contained establishments
of all types and sizes, not only manufacturers. Therefore, the sampling frame
was established by scrutinising manufacturers included in the above groups
and avoiding those of very small size firms (less than 20 workers) The reason
for this exclusion was that small firms were at a disadvantage compared to
larger firms with respect to JIT implementation (Lawrence and Lewis, 1993),
also TQM and/ or TPM. Hence, it was believed that their inclusion would
cause a decrease in the response rate.
It took several days to make such a list. Due to time and cost restrictions, the
present study decided to incorporate 344 manufacturers in the list. Table 6.3
presents the sampling frame according to product category.
Table 6.3: The Sampling Frame by Product Category
A1SZSIC Code
284/5/6
281/2
27
25

Product Category
# of firms
Electrical, electronic and industrial equipment
154
Motor vehicles, parts and other transport equipment
95
Metal products
79
Chemical and associated products

Total

16
344

%
44.8
27.6
23.0
4.6
100.0

c. Determination of Sampling Method
Having established the list o f manufacturers, then a questionnaire was sent to
each of them. In this case, the probability o f any particular company or plant
being chosen is unknown, that is, it depends on the willingness of the
representative of the company to fill out the questionnaire and return it to the
researcher. This is what Zikmund (1997) calls as non-probability sampling,
and this author argues that ‘there are no appropriate statistical techniques for
measuring random sampling error from a non-probability sample; thus,
projecting the data beyond the sample is statistically inappropriate.7 The
present author believes that, with time and cost limitations, a mail survey with
non-probability sampling is an adequate method o f data collection for the
present study.
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d. Selection of Sampling Units
A sampling unit is a plant of the responding companies. It was possible that
one company returned more than one questionnaires to represent the answers
of different plants in the company. In fact, the instruction in the questionnaire
allowed this to happen. In this case, each response was considered as one unit.
e. Determination of Sample Size
There was no specific pre-determined sample size for this study. Intuitively,
the larger the sample the more accurate the findings of the study. Therefore,
the researcher made several attempts to increase the response rate of the
survey. In order to apply multivariate analysis techniques, Hair et al. (1995)
suggest that the researcher should not use them when the sample has fewer
than 50 observations, and preferably the sample size should be 100 or larger.
The selected sampling units for this study are returned questionnaires that
have been responded to properly or those which have been filled out according to
the instruction provided. This came to 85 proper questionnaires (almost 25%
response rate), ready to be analysed further.
Unlike the mail survey, the case studies were conducted only for plants
which were prepared to participate. In the mail survey, respondents were asked
if they would be willing to participate in the case study. Again, due to time and
cost constraints, only plants located in NSW were selected. The researcher and
the plant managers then arrived at suitable times for detailed interviews and plant
tours. Altogether, five in-depth case studies were to be analysed further.
6.4.

Design o f the M ail Survey

While the previous section discusses the methods of data collection, the choice of
target population, and the selection of sample, this section outlines procedures for
constructing and administering the mail survey and describes the content of the
questionnaire. In the first subsection, the activities conducted in creating and
organising the mail survey will be specified.
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As stated earlier, the mail survey was aimed at answering the research
questions by way o f examining the hypotheses developed in the previous chapter.
In the second subsection, therefore, it will be described how the questionnaire
serves these matters and how it facilitates the measurement of variables required
to examine the hypotheses.
6.4.1. Procedures in Constructing and Administering the M ail Survey
Care was taken with this matter, since improper procedures may cause not only
little response rate but also, more importantly, false answers to the questions
asked. In this context, Dillman (1978) argues that the mail questionnaire, more
than any other type of questionnaire, requires careful construction, since it alone
comes under the respondent’s complete control.
The original questionnaire was developed gradually over a period o f time
by reviewing continuously the previous studies and the literature on the topic. In
particular, the present author was very much appreciative for the patient and
invaluable feedback given by the supervisors of the present study resulting in the
development o f the questionnaire.
The initial questionnaire was then distributed to several persons and their
feedback was requested regarding the overall content as well as the individual
questions. Some worthwhile suggestions were received from colleagues in the
Australian Industry Group, BHP Steel, NSW ISO Ltd., the Australian Quality
Council, Centre for Enterprise Training, and a refractory industry. Last but not
least, valuable inputs from Professors in the Statistical Consulting Service in the
School of Mathematics and Applied Statistics, the University of Wollongong
were very influential both in the preparation of the questionnaire and the design
of data analysis.
After incorporating the recommendations o f these individuals, the
questionnaire was modified into the same format as the final version but still in
white paper. This intermediate version was then sent to 14 companies asking for
their representatives to complete the survey and to provide comments about the
content o f the questionnaire. After making several phone contacts with all of
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them, four companies (28%) finally completed the questionnaire without any
comments However, it was enough to conclude that the contents were adequate,
they just did not have time to give such comments.
The construction and administration of the mail survey followed as
precisely as possible the total design method developed by Dillman (1978),
although some trivial deviations did exist. For instance, Dillman (1978)
recommends that the researcher should observe respondents while they are
completing the pre-testing questionnaire. The present author did not do it, since
the respondents indicated on phone that, they did not feel it necessary and
impractical for the present author to be present while they were completing it.
The final version of the questionnaire was printed in accordance with the
recommendations of Dillman (1978). The questionnaire was prepared in the
form of an A5-size booklet format. The front page did not contain any questions.
Instead , it described the importance and benefits of the present study and the
intended infonnation sought (one plant, not the whole company), assured the
confidentiality about the answers, and suggested the appropriate persons to fill in
the questionnaire, the follow-up interviews (asked for their willingness to
participate), and the contact person (complete address, phone, facsimile, and e
mail) when the respondents required any further queries. Thus, the first page was
reserved for material that had the specific purpose of stimulating interest in the
questionnaire (Dillman, 1978). However, in contrast with a suggestion of
Dillman (1978), the questionnaire still retained some questions in the last page,
since the available space was not enough to accommodate all the questions, and
adding pages was felt impractical.
Other suggestions o f Dillman (1978) that were complied with in the
construction o f the questionnaire were: ( 1 ) printing the questionnaire in off-white
(pink) paper and using contrast letters (black); (2 ) providing directions for how to
answer (e.g. please tick one)', (3) starting with the easy questions; (4) grouping
questions that were similar in content together, and (5) building a sense o f flow
and continuity throughout the questionnaire.
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There was no single question asking for respondents to reveal their
identity. Therefore, each booklet was given a number to enable the author to
make an efficient follow-up o f non-responding plants, to contact those who
wished to participate in the case study, and to send the findings of the study to
those who were interested in obtaining them.
Four weeks after the initial mailing, a letter was sent to all plants
informing them that they had been sent a questionnaire. This letter served as a
‘thank you’ to those who had already completed the survey and a reminder to
those who had not. While Diiiman (1978) recommends that this follow-up letter
be sent a week after the initial mailing, it was felt that this time was too short to
allow the managers o f the plants to open the letter, and above all to fill in the
questionnaire. In fact, some questionnaires were received in four weeks time.
Three months after the initial mailing, the present researcher received 35
(10%) complete questionnaires and 53 incomplete questionnaires. The latter
could be classified into wrong addresses (41), not-manufacturers (9), and refuse
to fill (3). While the list of manufacturers' addresses was found from a recent
publication, there was no guarantee for their validity.
Since it was apparent that the sample size of 35 was not enough to make
further analysis, especially using multivariate techniques, it was decided to make
phone calls to all the non-responding-plants. After contacting them and
explaining the importance of the present study, the questionnaire was resent to
110 plant managers who seemed willing to complete the survey. In the second
mailing, the response rate was quite high, that is, 50 out of 110 or about 45%.
Altogether, the response rate rose to 25%.
6.4.2, Description o f the Questionnaire
The questionnaire is designed to gather four kinds of information: (1) general
information about the plant/site; (2 ) the state o f the implementation of
improvement programs; (3) the application of techniques and their benefits; and
(4) performance measurement systems. The complete contents of the
questionnaire, not in booklet form, can be seen in Appendix A.
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Tlie design of the questionnaire is generally based on the suggested
Manufacturing Technology General Framework presented in Figure 4 . 1 . In
particular, the design is aimed at collecting the necessary information required to
answer the research questions, and hence, to examine the hypotheses.
Overall, the questionnaire assigns a certain measurement scale to each
question asked. Most of the measurements apply non-metric scales, except for
the questions related to plant size (e.g. the number of employees, annual
turnover). In the subsequent analysis, however, these plant-size variables will be
treated as non-metric rather than as metric. There are also two questions (No. 22
and 23) which require the respondent to rank his/her answer from the most
important to the least important. These variables will be treated as non-metric
nominal scales.
While information in (1) and (4) in the above is measured in nominal
scales, that in (2) and (3) is assessed in ordinal scales. Nominal scales, also
known as categorical scales, provide the number o f occurrences in each class or
category of the variable being observed (Hair et al., 1995). Hence, a number
assigned to a class has no quantitative meaning beyond indicating the presence or
absence of a certain attribute or characteristic under study. In fact, questions in
(I) and (4) do not need any number rather, ask the respondent to put a tick (V).
Questions in (1) represent variables related to given characteristics of
plants. Although possible, modification o f these characteristics takes time. While
a plant can change its mode o f manufacturing from batches to production lines, it
has to modify the layout first from functional to product arrangement. These
plant characteristics, in many cases, can function as independent variables which
explain the performance o f other variables. For example, what characteristics of
a plant influence a company decision to apply an improvement method? Hence,
these variables are measured more appropriately in nominal scales.
While variables in (4) are also measured in nominal scales, they serve a
different purpose than those in (1). Performance measurement is a means to
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monitoring company adherence to and progress towards agreed strategies (Hill,
1995). It is a purposeful or proactive activity, rather than a given or passive
attribute, that needs to be done in order to achieve company goals. In other
words, the absence or presence of certain attributes of the variables in (4) may
impede or facilitate the attainment of organisational goals.
Ordinal scales are on the next higher level of measurement precision,
since variables can be ordered or ranked with ordinal scales in relation to the
amount of the attribute possessed (Hair et al., 1995). In Question No. 9 of the
questionnaire, the implementation status of the improvement programs is
measured according to its duration of implementation (‘never’ | ‘up to 2 years’ |
‘between 2 and 5 years’ | ‘more than 5 years’ | ‘plan to implement’). Here,
‘never’ is the same as ‘plan to implement’ but the interpretation is different.
While in the first case the plant did not use a strategy in the past and will not use
in the near future, in the second case the plant will use it in the near future.
Whatever the case, the implementation status of a strategy can be ranked into (1)
never or plan to implement, (2) up to 2 years, (3) between 2 and 5 years, (4) more
than 5 years. Regarding the ranking, it can not be interpreted that the respondent
whose answer is ranked fourth rank has an implementation status twice as much
as one whose answer is ranked second.
Unlike Question No. 9, where ordinal scales are not explicitly coded in the
questionnaire, Question No. 12 and 13 ask the respondent to circle only one
number from five possible choices (from 1 to 5) explicitly. While Question No.
12 requests the respondent to make an assessment concerning the applicability
and effectiveness of 38 WCM techniques in his/her plant, Question No. 13 seeks
similar response about other techniques not mentioned in the questionnaire. In
addition to defining the terms applicability and effectiveness, the questionnaire
also provides a description of the ranking. In terms of the applicability, for
instance, the order is (1) always, (2) most of the time, (3) moderately, (4)
sometimes, and (5) never. Thus, ordinal scales enable the researcher to assess the
applicability o f one or more techniques in a certain plant or to estimate the
applicability o f a certain technique amongst plants.
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Like Question Nos. 12 and 13, Question Nos. 14 and 15 request
respondents to estimate the level of manufacturing and business performance
respectively, in their plants, using ordinal scales. The difference between the two
is that while the first limits the choice only from 1 to 5, the second adds another
choice (not applicable) beside the five choices which stand for (1) among the
best, (2) above average, (3) average, (4) below average, and (5) among the worst.
Discussion in this subsection provides insights about types of data and
their measurement scales. They are useful in preparing further data analyses. But
before that, the following section will explain the design of the case study.
6.5.

Design and Organisation o f the Case Study

This section discusses the activities conducted in designing and organising the
case study. In the present study, the case study is a follow-up data gathering
exercise aimed at finding more detailed information on how and why Australian
manufacturers apply WCM techniques and measuring their performance in their
effort to achieve manufacturing excellence. In fact, it consists o f five individual
case studies, in fiv e different plants.
The use of the case study is suggested by Yin (1989). He states that “case
studies are the preferred strategy when: (1) ‘how’ or ‘why’ questions are being
posed, (2) the investigator has little control over events, and (3) the focus is on a
contemporary phenomenon within some real life context”. In this case, the second
condition is applicable, since the present research can be classified as ex post
facto or after the fa c t in the sense that both the effect and the supposed cause have
already happened. The fact that the concurrent implementation of TQM, JIT
and/or TPM is a new phenomenon in achieving manufacturing excellence (see
Chapter 3 and 4 for explanation) implies that the third circumstance is also true.
Unlike the mail survey, the information collected from the case study will
not be utilised to answer certain research questions or to evaluate specific
hypotheses, it will rather be used to support or add information to the findings of
the mail survey when ‘how’ and ‘why’ issues arise. There are three main reasons
for this. Firstly, the case study organised in the present study was not a ‘real’
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case study as defined by Yin (1989) in that it does not incorporate all the five
components suggested by that author: a study’s question, propositions, unit of
analysis, the logic linking the data to the propositions, and the criteria for
interpreting the findings. Secondly, the follow-up interview was conducted only
once, in a short time (three hours), and involved only one representative o f the
plant. Thus, it was dangerous to make general conclusions based on this
information. Thirdly, the selection o f plants to be included in the case study was
somewhat arbitrary7in the sense that the present study could not choose the one
that have implemented TQM, JIT and/ or TPM, and hence, make a comparative
analysis about them.
Procedures in the selection of plants and the organisation of the case study
were as follows:
1. The present author prepared a case study questionnaire as a guideline for the
interview.
2. Manufacturers included in the case study were based on the willingness of
plant managers to participate as reflected in their answer of the mail survey.
Due to time and cost restrictions, only plants located in NSW were considered.
3. While they initially stated their willingness, efforts in persuading the plant
managers to participate were necessary. Originally, 15 plants were willing to
take part and 10 plants were located in NSW. After making several contacts,
only 5 plants were finally prepared to be visited. This resulted from the help
of the supervisor of this study.
4. On average each case study required about three hours. This time included
interviews and plant tours. The interviews were recorded.
5. Based on the interviews, the present author made a report. Before further
analysis, this report was sent to the plant manager for approval.
The case study is designed to collect information about:
1. The relationships between production characteristics and the reasons for
implementing or not implementing TQM, JIT and TPM.
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2. The reasons for applying or not applying the WCM techniques; when thenapplication commenced; problems encountered in the implementation; and
their effectiveness in achieving manufacturing excellence.
3. The way the plants apply performance measurement to monitor their progress
in achieving manufacturing excellence.
The complete case study guidelines can be seen in Appendix B. The reports
of company A, B, C, D, and E are presented respectively in Appendix C l to C5.
Before discussing design of data analysis, Table 6.4 summarises the
activities carried out in constructing and administering o f the mail survey
(Section 6.4) and the case study (Section 6.5).
Table 6.4: An Overview of Activities in the Company Survey
A ctivities

Sub-activities

R esulting in

Development of
the mail survey
questionnaire
and the case
study guidelines

■Consultation with supervisors.

■Initial version of the
questionnaire.
■Intermediate version (after
incorporating their
suggestions).
■Final version of the
questionnaire (printed in a
A5-size booklet format).
■Received 35 completed
questionnaires (10%), after
three months.

First mail survey

■Consultation with statisticians
*Consultation with industry
practitioners.
■A pilot survey to 14 companies
(4 companies completed).

Follow-up mail
survey

■Sending the questionnaire to
344 companies.
■Sending a follow-up letter to
non-responding companies,
after four weeks.
■Conducting phone calls to all the
non-responding companies.

Second mail
survey

■Sending the questionnaire to the
110 companies.

Case studies
(follow-up
interviews and
plant tours)

■15 plants were initially
prepared to be visited.
■5 plants were located outside
NSW, hence, eliminated.
■5 plants finally refused to
participate.

■110 companies willing to
complete the questionnaire.
■Received 50 completed
questionnaires (45%), after
two months.
■Together, 85 questionnaires
were completed, or 25%
response rate.
■Five in-depth case studies
were carried out.
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6.6.

Design o f Data Analysis

This section presents a brief outline about the design of data analysis. It is argued
in Chapter 4 that the relationship between company practices (the implementation
of TQM, JIT and TPM or the application of practices of the integrated model)
and performance can be measured using multivariate analysis. The present study
attempts to relate the application of 38 practices to 15 indicators of manufacturing
performance, and to 4 indicators of business performance. However, with only
85 questionnaires collected, Hair et al. (1995) do not recommend to apply this
technique. Instead, although it takes longer, the data analysis will be carried out
using simple methods, such as t-test, Chi-Square test, and regression models..
The presentation follows the sequence of research questions proposed in
Table 6.1. Table 6.5 displays the planning of data analysis.
The first research question is not intended to evaluate hypotheses, but to
assess the extent to which Australian manufacturers apply TQM, JIT and/or
TPM. For this purpose, the data analysis will be a thorough investigation of
information collected from the mail survey and, to some extent, from the case
study. This can be done by using simple statistical tools such as descriptive
statistics, Pareto diagrams, scatter plots, histograms, frequency cross-tabulation,
and correlation between one variable and another. Findings of this examination
are useful in interpreting the results of data analysis related to testing of the
hypotheses.
Question No. 9 provides a partial answer to the first research question. But
this is not enough. As argued in Chapter 5, full benefits of these production
methods will only be attained when companies use their accompanying practices
listed in Question No. 12. Therefore, this has implications for observing the use
of practices, its impact on performance, and other company activities contributing
to performance. Performance measurement is one such activity investigated in
the present study. Thus, answering the first research question has to be preceded
by data analysis o f the overall content of the questionnaire.
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Table 6.5: The Planning of Data Analysis
Research Methods of Data Analysis
Questions
First
• Hypotheses: Nil
• Method:
1. Exploring the overall data to see if there is a certain pattern.
2. Using simple statistical tools: descriptive statistics, Pareto diagrams,
scatter plots, histograms, frequency cross-tabulation, and correlation
between one variable to another.
Second • Hypotheses: HI - H4
• Method:
1. Divide the sample into groups demanded by the hypotheses
2. Difference in performance between groups are evaluated by using
t-test for equality of means.
• Relationship in the questionnaire:
H I: D <14,15> (performance) vs 1 <9> (implementation status)
H2: D <14,15> (performance) vs I <9> (implementation status)
H3: D <14,15> (performance) vs I < 16,17> (target setting)
H4: D <14,15> (performance) vs I <16,17> (target setting)
Third • Hypotheses: H5 - H9
• Method:
1. Make a correlation between two variables at a time.
2. The strength of correlation can be tested using Chi-Square test.
• Relationship in the questionnaire:
H5: D <9> (implementation status) vs I <1, 4, 5, 8> (plant characteristics)
H6: D <9> (implementation status) vs I<10> (motives of implementation)
H7: D <12, 13> (use of practices) vs I <9> (implementation status)
H8: D<14,15> (performance) vs 1 <12,13> (use of practices)
H9: D <14, 15> (performance) vs I <9> (implementation status)
Fourth • Hypotheses: H10 - H12
• Method:
1. Develop regression models between application of practices (Q12)
and performances (Q14 and Q15).
2. The strength of correlation can be tested using the regression models
• Relationship in the questionnaire:
H10: D<14,15> (performance) vs I <12,13> (use of practices)
HI 1: D<14,15> (performance) vs I <12,13> (use of practices)
H12: D<14,15> (performance) vs I <12, 13> (use of practices)
Notes: a) D = dependent variables; I = independent variables
b) Two or more hypotheses may use the same relationship. For example,
both HI and H2 relate the implementation status of TQM, JIT and
TPM to business performance, hence, the same relationship is used.
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The second research question deals with examining fo u r primary
hypotheses relating to difference in performance. Data analysis for this purpose
can be accomplished by first dividing the sample into groups required by the
hypotheses, then the difference in performance between groups can be verified
by applying t-test for equality o f means.
The third research question is concerned with examining^/ve secondary
hypotheses. Data analysis for this purpose can be done by investigating the
correlation between two variables at a time and deriving conclusions. Evaluating
the correlation between plant characteristics and the decision to use TQM, JIT
and TPM, for example, may lead to findings indicating which characteristics
influence the selection of the human oriented improvement strategies. These in
turn are useful in analysing the impact of these characteristics on performance.
Tht fourth research question is related to evaluating the last three
secondary hypotheses. Data analysis for this purpose can be done by using the
regression method. In this case, regression models relating the use of practices
(Q12) to performance (Q14 and Q15) are developed. For example, regression
models relating the use of Infrastructure practices (the techniques No. 1 to 20 in
Question No. 12 o f the questionnaire) to manufacturing (Q14) and business (Q15)
performance are constructed to see whether the extent of use o f Infrastructure
practices is related to the level o f company performance (Hypothesis 12).
6.7.

Conclusion

This chapter outlines the research design, procedures and methods for data
collection and the planning o f data analysis. It was a useful guide to answer the
research questions and to evaluate the hypotheses. While compromises in the
selection of the target population and the choice of data collection methods were
made due to time and cost restrictions, it was believed that the overall activities
conducted in the present study were sufficiently reliable for a scientific research.
In Chapters 7, 8 and 9, data analysis and results of the company survey
will be discussed. The findings of this study will be presented in Chapter 10.
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Chapter 7
Results of the Mail Survey
7.1.

Introduction

This chapter presents the results o f the mail survey. Firstly, characteristics of the
respondents is described. Secondly, the extent to which Australian manufacturers
implement the integrated production system developed in Chapters 3 and 4 is
analysed. This includes the implementation of TQM, JIT and TPM, the use of
their accompanying practices, and the use of performance measurement.
The hypotheses developed in Chapter 5 will be examined in Chapter 8.
Results o f the company survey (the mail survey and the case study) will be
discussed in Chapter 9. Based on the above discussions, Chapter 10 will present
major findings, recommendations, merits and limitations o f the present research.
O f the 344 questionnaires sent out, 85 were returned and classified as
valid answers. Among them, five plants were visited to conduct further
interviews and plant tours. Thus, the results of the mail survey presented in this
chapter are made based on the analysis of the 85 companies.
7.2.
■

Characteristics o f the Respondents
Six Main Characteristics o f the Respondents

Before making further analyses, this section describes characteristics of the
respondents (plants) o f the mail survey. Figure 7.1 presents six: main variables
describing the respondents. These include number o f employees, annual
turnover, years o f establishment, types o f plant, finished products according to
the Australian and New Zealand Industry Classification (ANZIC) code, and
predominant modes o f manufacturing. For better presentation, this chapter
displays only summary figures and tables, the complete data analysis can be seen
in Appendix C. The data analysis for the six variables, for example, is exhibited
in Table C -l.
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Figure 7.1: C haracteristics of the Respondents of the M ail Survey
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The first two variables in the figure, i. e., number of employees and annual
turnover (in millions of dollars), represent the size o f the plant. There is no
widely accepted definition regarding with the grouping of plants according to
size. Australian Bureau of Statistics (ABS) measures the establishment’s size
according to number of employees. According to ABS, the establishment can be
classified into small (employing less than 20 people), medium (employing 20-99
people), and large (employing 100 or more people). While the ABS grouping of
companies is utilised mostly in economics literature, other groupings are also used
in production management articles. For example, when analysing the suitability
of JIT to small manufacturers, Golhar, et al. (1990) and Brown and Inman (1993)
classify small companies as those employing less than 500 workers. Therefore,
the present study does not attempt to define any grouping based on number of
employees but classifies plants into the six categories listed in Figure 7.1 (A).
The sample distributed quite evenly among the employment categories,
except for the first category. This result agreed with the expectation. Although
the actual number of small-sized plants (less than 20 workers) was large, the
sampling frame (the list of 344 companies to whom questionnaires were
distributed) contained only a small percentage of plants in this category. The
reason for this was a desire to increase the response rate.
The distribution of the sample into the annual turnover categories is quite
different from that of the employment categories. Ranking from the smallest to
the largest annual turnover, it is interesting to note that the first 30% have annual
turnover less than 10 million dollars, the second 40% have annual turnover
between 10 and 50 million dollars, and the last 30% have annual turnover over
50 million dollars. This means that the sample by annual turnover follows
approximately a normal distribution.
The relationship between these two variables can be seen in Figure 7.2
(and Table C-2 in Appendix C). As expected, they show a tendency towards a
positive correlation between employment and annual turnover.
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Figure 7.2: The R elationship between Num ber o f E m ployees and A nnual
Turnover

According to years o f establishment, the sample distributes uniformly
among the categories. This needs no further explanation. About 75% of plants
in the sample were established after the 1950s.
Based on the types o f plant, the majority of the sample is included in three
categories: independent, subsidiary, and multi-national companies. These three
categories account for more than 85% of the whole sample. Other plant types
which are different from these choices include private plants owned by an
overseas parent company, private plants shared by three manufacturing
companies, unincorporated joint venture pooling of several companies, a joint
venture of two MNC, et cetera.
In terms o f finished products, the respondent was asked to list three main
products. Based on his/her answer, each plant was classified into the
corresponding ANZIC code. As seen in Table 7.1 that distributions o f the
sample and sampling fram e by product category are approximately alike.
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Table 7.1: The Sampling Frame and Sample by Product Category
Final products (ANZIC code) The Sampling Frame j The Sample
Frequency
%
| Frequency| %
Electrical, electronic, and industrial
Î54
44.77 I
44 ! 51.76
t
!1
!
equipment (284/5/6)
i
Motor vehicle, parts, and other
95
27.62 j
17 j 20.00
I
transport equipment (281/2)
>
i
Metal products (27)
79 22.97 j
n \ 20.00 !
Chemical & associated products (25)
16
4.64 j
7 ! 8.24 j
Total
344 100.00 j
85 j 100.00 I
Machinery and equipment firms (the first two categories) account for
more than 70% o f the whole sample. Combined with metal product firms, the
first three categories account for more than 90% o f the whole sample.
The last variable in Figure 7.1 is predominant modes o f manufacturing.
Batch and production line are two most dominant types o f process choice. These
process choices account for more than 75% of the whole sample. This result is as
expected, since machinery and equipment manufacturing is characterised by
medium to high volume production. They are appropriate respectively for batch
and production line modes o f manufacturing.
Table 7.2 presents cross-tabulation between modes of manufacturing and
finished products. As expected, batch and production line are dominated by
electrical, electronic and industrial equipment manufacturers. In particular,
electrical and electronic, but not industrial, equipment manufacturing is
recognised as the type of industry which provides similar items on a repeated
basis, usually in large volumes. However, the classification o f final products by
ANZIC codes results in a wide range of products. Hence, it is difficult to make a
generalisation relating finished products to modes of manufacturing. Instead, a
case by case study about what specific products are produced by a certain plant is
necessary. For example, five plants in the chemical and associated products
category use batch processes, which appears unusual for this industry. From the
questionnaire, it can be seen that these plants produce rubber products, die
castings, and adhesive tapes, all in high volumes.
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Table 7.2: Cross-tabulation between Modes of M anufacturing and Finished
Products
Predominant modes of manufacturing
Finished products Project Job-shop Batch Production Continuous Total
line

Electrical, electronic and
industrial equipment
Motor vehicle, parts and
other transport equipment
Metal products
Chemical and associated
products

7

Total

8

1

J

i

5

process

19

11

4

44

6

9

2

17

1?.
5

2
2

17
7

42

22

8

85

■ Three O ther C haracteristics of the Respondents
Three other variables explaining characteristics o f the plants are given in Figures
7.3, 7.4 and 7.5.

Make to order
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Assemble to order

I
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Figure 7.3: Respondents by Production Approaches
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Figure 7.4: Respondents by Buyers
129

Focus on product
W—?—

Focus on service

----~ —Yes

lilB

Focus on process
Focus on market
Focus on others )Ê
0%

•
20%

-

40%

■
60%

'
80%

100%

Figure 7.5: Respondents by Foci of M anufacturing Strategy
While the six variables in Figure 7.1 are the result of asking respondents
to make only one choice, the latter three variables are the result permitting them
to tick more than one choice. Therefore, data analysis for the latter is different
from that for the former.
There are two numbers in the latter group. The first number denotes the
number of respondents who select ‘Yes’ to that category. The second number
represents the number o f respondents who tick 6No’ to that category. For
example, when respondents were asked about the main production approach, 15
plants ticked design-to-order. This meant that the other 70 plants did not choose
this option.
Figure 7.3 indicates that make-to-order is the most popular production
approach among the plants in the sample. More than 60% of the plants used
make to order as one o f their production approaches. Make-to-stock is the
second most prevalent production approach, adopted by about 50% of the plants
in the sample. The remaining approaches are utilised by approximately 20% of
the plants in the sample.
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The selection o f the above production approaches is related to a company’s
effort to enhance delivery speed in order to be more responsive to customer
demand. As a plant is able to move from design-to-order to make-to-stock
approach, overall lead times are reduced. While the first two approaches are
concerned mainly with manufacturing unique products, the last three approaches
are applied primarily to manufacturing standard products. In this case, the JIT
system relies on a combination o f make- and assemble- to order while
minimising work-in-process inventory as much as possible.
Figure 7.4 demonstrates that 60% of plants in the sample supply their
products to outside firms. Only about 13% of the sample send their products to
firms within their group. These findings indicate that quite a large portion o f the
plants in the sample are independent companies and suppliers to other
manufacturers. Moreover, roughly half o f the sample retail their products to
individuals via wholesalers, and only small portion of them merchandise via
retailers and/or households. These findings show that quite large a portion o f the
plants in the sample are manufacturers of end-use products.
In terms o f focuses o f manufacturing strategy, Figure 7.5 indicates that
65% of plants in the sample focus on the product. Focuses on process, market,
and service account for one quarter o f the sample. This illustrates that a
significant portion o f plants in the sample concentrate on manufacturing certain
products to serve a particular customer or market segment. Emphases on service
and others can be viewed as complementary strategies supporting the focus on
the product. Also, focus on process can be regarded as an extension o f focus on
products with similar processes.
This section has described the characteristics o f the sample of the mail
survey by way o f explaining nine variables or given attributes of the sample. This
information is necessary as an initial portrayal but not sufficient to develop a plan
of action. The next section will elaborate the extent to which Australian
manufacturers implement WCM.
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7.3.

Implementation o f Human Oriented Improvement Programs

This section discusses implementation o f Human Oriented Improvement Programs
(HOIPs) by Australian manufacturers, i.e. the respondents. In the present study,
HOIPs means methods o f improvement centred on enhancing the ability of
human assets in attaining the goals o f the organisation. They incorporate TQM,
JIT, TPM, Flexible Manufacturing Systems (FMS), Theory o f Constraints (TOC),
Material Resource Planning (MRP), and Computer Integrated Manufacturing
(CIM). An in-depth analysis will be given on concurrent implementation of
TQM, JIT, and/or TPM.

■ Implementation o f HOIPs in General
Table 7.3 presents the implementation status of HOIPs by the respondents. The
rows are duration of implementation and the columns are percentages of
implementation. Companies are grouped into implementing when they use HOIPs
for at least two years, and are classified into not implementing when they either
never use or plan to use HOEPs.
T a b le 7.3: Im p lem en ta tio n S tatu s o f H O IP s

Duration of
Implementation
Never
Plan to implement
Not Implement
Up to 2 years
2 - 5 years
> 5 years
Implement
Total (=85 plants)

TQM
12.9
2.4
15.3
16.5
21.2
47.1
84.8
100.0

P e rc e n ta g e of Imp] em entaition
JIT
TPM
FMS
MRP
TOC
22.4
43.5
61.2
52.9
35.3
10.6
18.8
8.2
8.2
5.9
33.0
62.3
69.4
61.1
41.2
30.6
20.0
16.5
22.4
20.0
12.9
7.1
1.2
7.1
7.1
23.5
12.9
10.6
9.4
31.8
37.7
67.0
30.6
58.9
38.9
100.0
100.0
100.0
100.0
100.0

CIM
64.7
14.1
78.8
12.9
5.9
2.4
21.2
100.0

Until recently, TQM has been implemented by about 85% of the 85
participating companies. This is the largest number o f implementations among
HOIPs considered, and is followed by JIT (67%) and MRP (59%). The use of
TPM, TOC and FMS accounts for one third of all respondents. The least
implementation is recorded for CIM with only about one fifth o f the sample.
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The above findings are in accordance with the introduction o f HOIPs in
this country. The ‘milestone’ of quality revolution could be traced back in the
mid-1980s when the ‘Australia for Quality’ campaign was launched (Sprouster,
1984). One year later, the first national project on the application of JIT was
commissioned by the Technology Transfer Council (TTC). Though MRP had
been developed in USA in the 1950s, its influence was not so great in Australia,
and less than that o f JIT. This also applied for TOC, another USA version o f
JIT. On the other hand, ‘equipment-dependent’ HOIPs, such as TPM and CIM,
were starting to attract, equipment-intensive manufacturers, in particular. Table
7.3 demonstrates that firms planning to use TPM and CIM, also JIT, have been
noticeable in recent years, although the TPM movement in Australia just
happened in the early 1990s
If ‘current rate o f adoption' is defined as the percentage of companies
planning to implement and/or have implemented HOIPs for up to 2 years (the
sum o f rows 2 and 4), then the current adoption rate of J IT and TPM rises very
fast (41.2% and 38.8% respectively). It is followed by TOC with the rate of
30.6%. The rates of FMS, MRP, and CIM account for about one fourth o f all
respondents, and the rate o f TQM is only 12%. It appears that the high rate of
adoption o f TQM happened during the last decade until the mid-1990s. Table
7.3 reveals that plants which have implemented TQM for two years or more
amount to 68.3%.
Having discussed the implementation of HOIPs, it is natural to observe the
motives behind their adoption. Table 7.4a presents the frequency tabulation of
die six motives. If the respondent selected Internal Company Policy (ICP) as one
of the reasons for the implementation, then he or she was requested to pick
factors influencing this choice. This result is shown in Table 7.4b. Since in both
cases, respondents were allowed to tick one or more choices, then for each
variable the answer was classified into ‘Yes’ for ticking and ‘N o’ for not ticking
the choice.
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T able 7.4a: M otives for Im plem enting H O IPs

Motives of implementation
Competitive pressures
Customer requirements
Internal Company Policy
Parent company
Employees/union
Government
Notes: N.A. = No Answer

Yes
66
52
36
9
o
2

%
77.6
61.2
42.4
10.6
3.5
2.4

No
15
29
45
72
78
79

% N.A.
17.6
4
34.1
4
52.9
4
84.7
4
91.8
4
92.9
4

% Total
%
4.7
85 100.0
4.7
85 100.0
4.7
85 100.0
4.7
85 100.0
4.7
85 100.0
4.7
85 100.0

Table 7.4b: Factors Influencing the Choice o f Internal C om pany Policy

Factors influenced TCP’
Product requirement
Process requirement
Production system requirement
Others
Notes: N.A. = No Answer

Yes
23
13
12
6

%
63.9
36.1
33.3
16.7

No
11
21
22
28

% N.A.
30.6
2
58.3
2
61.1
2
2
77.8

% Total
%
5.6
36 100.0
5.6
36 100.0
5.6
36 100.0
5.6
36 100.0

Table 7.4a indicates that companies are motivated to adopt HOIPs for
three dominant reasons. These are competitive pressures (77.6% of the sample),
customer requirements (61.2%), and internal firm policy (42.4%) respectively.
Other reasons are relatively minor.
This finding accords with what is suggested by the Manufacturing
Technology General Model presented in Chapter 4. The first two governing
motives for implementing HOIPs originate from the two main actors, i.e.
customers and competitors, which compel companies to improve their
performance over time. These two external forces will not cause any change
unless they are accompanied by an internal company policy. As expected, Table
7.4a shows that ICP is among the primary reasons for the use o f HOIPs.
Among the respondents who select ICP as one o f the motives to apply
HOIPs, Table 7.4b indicates that about two-thirds or 63.9 % of them state that
their choice is influenced by product requirement, and about one-third of them by
both process and production system requirements. Other reasons account for only
16.7 % of them. These include improving productivity, reducing cost, improving
profit, and outperforming competition. This finding is consistent with that of
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Figure 7.5 where 65% o f the sample focus their manufacturing strategy on the
product.

■ Implementation o f TQM , JIT and TPM
It is now the time to discuss the implementation status of JIT, TQM, and/or TPM,
both individually and concurrently. Firstly, Table 7.5a presents cross-tabulation
of the use o f JIT, TQM, and/or TPM. ‘N o’ stands for not implementing, and
Yes for implementing. Their definitions are given at the beginning of this
section. Secondly, this table can be translated further into Table 7.5b, that is, the
implementation status o f TQM, JIT and/or TPM.
T able 7.5a: C ross-tabulation o f Im plem entation o f TQ M vs. JIT vs. T P M

TPM Implementation
No TQM Implementation
T o ta l
Yes TQM Implementation
T o ta l

JIT Implementation
No
Yes
No
7
4
Yes
18
24
25
28
No
2
Yes
3
27
Jo
29

T otal

28

57

Total
11
42
53
2
30
32
85

T able 7.5b: Im plem entation Status o f TQ M , JIT , and/or T PM

Implementation status
Implementing all the three
Implementing a combination of
them
implementing one o f them

Not implementing any of them

TQM

JIT

TPM

Yes
Yes
Yes
No
Yes
No
No
No

Yes
Yes
No
Yes
No
Yes
No
No

Yes
No
Yes
Yes
No
No
Yes
No

T o tal
------------------------------... j

Total
27
24
o
2
18
4
0
7
85

Percent
31.8
28.2
3.5
2.4
21.2
4.7
0.0
8.2
100.0
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Table 7.5b indicates that 27 plants or 31.8% o f the sample implement all
the three methods concurrently, 29 plants or 34.1% o f the sample implement two
methods out o f TQM, JIT and TPM, 22 plants or 25.9% o f the sample implement
one of TQM, JIT or TPM, and seven plants or 8.2% of the sample do not use any
one of the three methods. The classification of plants into these four groups will
be used to examine hypotheses in the next section.
It is interesting to note that the implementation o f TQM is more prevalent
in the second and third groups. This agrees with the data in Table 7.3. In the
second group, the number ot plants implementing TQM is far greater than that
implementing JIT and TPM. In fact, not a single plant uses TPM alone. In the
third group, the number o f plants implementing TQM and JIT concurrently is far
greater than that implementing the other two combinations (TQM/TPM; and
JIT/TPM). Hence, there is a tendency that companies will apply JIT and/or
TPM after they obtain good results from implementing TQM. In the context of
TPM implementation, this finding is in accordance with that of McKone, et. al.
(1999). These authors find that plants which use TQM, JIT and El also consider
TPM to be critical to their manufacturing strategy.
While extending from TQM to JIT and/or TPM is common because, in
most countries, the quality movement occurred earlier than JIT and TPM
campaigns, Enkawa (1998) observes that many firms in Japan are recently
choosing to advance towards TQM after having succeeded with TPM. This
phenomenon might happen in Australia in the future when many firms achieve a
success in implementing TPM and promoting TQM later. This has not happened
as yet in this country, since the TPM movement has just commenced.
As argued in Chapter 5, the logical consequence of the adoption o f TQM,
JIT and TPM is to require plants to apply the appropriate practices in order to
permit them to gain the intended benefits. The next section will examine this
matter.
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7.4.

Application o f WCM Techniques and Their Benefits

The purpose of this section is to explore the application o f WCM techniques by
Australian manufacturing organisations and their benefits. These techniques
have been explained in detail in Chapter 3 and constitute the core of the
integrated production system.
Thirty eight WCM tools and techniques are investigated in this study
through asking the respondent their capplication’ (frequency of their usage) and
ceffectiveness^ (the extent to which their implementation achieves the strategic
objectives of the organisation). Both are measured using the ordinal five-point
Likert scale. While in the original questionnaire the scale is arranged from
"always’ or "very high’ (1) to "never’ or "nil’ (5), in the data analysis the scale is
ranked in the reverse order. The reason for this is to facilitate the interpretation
and visualisation of the information.
The frequency o f application and effectiveness o f WCM practices are
estimated using their scores, which are the average for all responding plants for
each individual technique. Table 7.6 presents the minimum, maximum, mean
score and order o f applicability and effectiveness for each WCM practice. The
number o f respondents (N) varies for each practice both for application and
effectiveness. In general, N for application is larger than N for effectiveness,
since if a respondent ticks 1 (never) for applicability then its corresponding
effectiveness should be unknown or unanswerable. A summary of Table 7.6 is
presented in Table 7.7.

137

Table 7.6: A pplication and E ffectiveness of WCM Practices

A. Infrastructure practices
A l. Problem solving
1 B7 - basic tools o f quality control
2 N7 —advanced tools of quality control
3 Plan— Do— Check— Action
A2. Employee involvement & empowerment
4 Employee training
5 Multi-skilling
6 Small Group Improvement Activities
A3. Supplier relationships
7 Supplier quality certification
8 Reduction of number of suppliers and distance
9 Supplier long-term contracts
10 Total supplier evaluation
A4. Workplace management
11 5S & housekeeping
12 Job enlargement/enrichment
A5. Other continuous improvement practices
13 Poka-yoke (fail safing)
14 Quality audits
15 Standardisation of parts, products, and processes
16 Cross functional management
17 Policy deployment
18 Visible Improvement Management
19 Benchmarking
20 Value Analysis / Value Engineering
B. TQM practices
B l. Product design
21 Failure Mode and Effect Analysis
22 Design for Manufacturability and Quality
23 Taguchi Methods
B2. Customer focus
24 Quality Function Deployment
25 Customer survey
B3. Process management
26 Statistical Process Control
C. JIT practices
27 Set-up time Reduction
28 Focused factory
29 Group Technology
30 Pull production system
31 Uniform workload
32 JIT scheduling
33 Kanban
D. TPM practices
34 Equipment management & improvement by teams
35 Preventive Maintenance
36 Autonomous Maintenance
37 Maintenance Prevention
38| Maintenance Management System

A p p lic a tio n
c Xes

E ffe c tiv e n e s s

84
84
78

1
1
1

5 3.40
5 2.24
5 2.91

7
37
26

77
52
64

5 3.58
1 5 3.13
2 5 3.36

12
34
24

85
84
84

1
2
1

5 4.06
5 3.88
5 3.00

2
3
20

83
84
75

2
2
2

5 3.84
5 3.82
5 3.48

1
2
19

83
83
83
84

1
1
1
1

5
5
5
5

3.52
2.95
3.40
3.23

5
22
II

75
71
77
77

1
2
I
1

5
5
5
5

3.48
3.04
3.49
3.35

20
37
18
25

84
82

I
1

5 2.95
5 2.94

21
25

62
73

1 5 3.60
2 5 3.22

11
31

81
84
85
83
82
83
84
82

1
1
1
1
1
1
1
1

5
5
5
5
5
5
5
5

2.33
4.10
3.49
3.52
3.10
3.22
2.94
2.71

36
1
6
4
15
12
23
30

51
80
80
74
62
72
71
60

2
1
2
1
1
1
1
2

3.73
3.70
3.54
3.62
3.26
3.50
3.23
3.23

3
4
15
28
17
30
29

84
82
82

1
1
1

5 3.11
5 2.94
5 2.13

14
24
38

69
64
43

1 5 3.48
2 5 3.56
1 5 3.07

21
14
36

83
84

1
1

5 3.17
5 3.08

13
16

66
72

1 5 3.67
2 5 3.39

6
22

84

1

5 3.08

17

68

I

5 3.37

23

83
83
81
82
77
83
82

Î
1
1
1
1
1
1

5
5
5
5
5
5
5

2 .7 3

2.52
3.04
2.70

10
35
18
29
33
19
31

74
42
61
57
50
67
54

1
1
1
2
1
2
2

5
5
5
5
5
5
5

3.61
3.69
3.51
3.58
3.12
3.27
3.67

10
5
16
13
35
27
7

83
83
83
82
82

1
1
1
1
1

5
5
5
5
5

2.78
3.40
2.69
2.48
2.87

28
9
32
34
27

65
74
66
53
61

2
1
1
2
2

5
5
5
5
5

3.28
3.62
3.03
3.19
3.18

26
9
38
32
33

§

s

3.24
2.42
3 .0 5

8

X
es

s

ê

2

5
5
5
5
5
5
5
5

Order

N

N

Mean

Practices

Order

W CM

Mean

No

8

Application: 1 = Never; 2 = Sometimes; 3 = Moderately; 4 = Most of the time; 5 = Always
Effectiveness: 1 = Nil;
2 = Little;
3 = Moderate; 4 = High;
5 = Very high
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Table 7.7: Application and Effectiveness of WCM Practices (Summary)
WCM Techniques
A. Infrastru ctu re practices
Al. Problem solving
A2. Employee involvement and empowerment
A3. Supplier relationships
A4. Workplace management
A5. Other continuous improvement practices
B. TQM practices
B1. Product design
B2. Customer focus
B3. Process management
C. JIT practices
D. TPM practices
Overall practices

Application

Effectiveness

3.19

3.46

n r

2.85
3.65
3.27
2.95
3.18

3.71
3.34
3.41
3.48
2.92

2.73
3.13
3.08

3.42
3.37
3.53
3.37

2.81
2.84
3.03

3.49
3.26
3.43

On an average, the application o f WCM techniques is on a moderate level,
i.e. the average score of all practices is 3.03. The application score varies quite
significantly among the techniques. The first five highest scores are quality
audits (4.10), employee training (4.06), multi-skilling (3.88), cross-functional
management (3.52), and supplier quality certification (3.52) respectively. On the
other hand, the last five lowest scores are Taguchi methods (2.13), advanced
tools of quality control (2.24), poka-yoke (2.33), focused factory (2.42), and
maintenance prevention (2.48) respectively.
Several inferences can be drawn from the order of application scores.
First, the application of infrastructure practices in general (3.19) is higher than
those of the core practices, i.e. TQM (2.92), JIT (2.81), and TPM (2.84). This
finding is as expected and reasonable, because the sample is composed of
average rather than award winning companies. Some infrastructure practices,
e.g. employee training and standardisation, have been recognised for a long time
as powerful techniques o f production management. The core practices,
particularly those under JIT and TPM, in contrast, are quite recent techniques
which require experimentation for adaptation to local conditions.
139

Second, among the infrastructure practices, the plants tend to use popular and
easy techniques rather than those which are more difficult but may produce long
term results. This finding agrees with that o f Voss and Robinson (1988). In
problem solving, for instance, Table 7.6 suggests that after the quality campaign
was launched in the mid-1980s, many Australian plants have made use o f the
basic tools of quality control (B7). But, an integration of these tools into a
continuous improvement cycle through the use of PDCA and with the use of
advanced tools of quality control (N7) is relatively infrequent. A similar
phenomenon occurs in the application of practices under employee involvement
and empowerment. While the number of instances of employee training and
multi-skilling is high, effort to gain full benefits from the entire workforce
through the use of SGIA is only moderate.
Third, among the core practices, as expected, techniques under TQM are more
widely applied than those under JIT and TPM. Only two TQM practices, i.e.
design for manufacturability and quality and Taguchi methods, are below
moderate usage. Use of the remaining TQM practices is above moderate. On the
contrary, among TPM practices, only preventive maintenance is utilised widely.
In this case, Blanchard’s claim (1997) that non-Japanese firms had made a good
progress in TPM in organising employee participation is not completely
applicable for Australian plants. For JIT practices, though the overall score is the
lowest among the core practices, reduction of changeover or set-up time is
among the first ten highest scores. This suggests that efforts to eliminate
production waste through the use of JIT practices are implemented to a limited
extent by ordinary manufacturers.
Respondents tend to estimate the effectiveness o f WCM practices as quite
high and uniform, observing that all the scores are above moderate line (score=3)
and below high line (score=4). Unlike that for application, many practices have
effectiveness ranges from a minimum of 2 and maximum of 5. Accordingly, the
overall effectiveness of WCM techniques is close to high, i.e. the average score
for all practices is 3.43. The first five highest scores are for employee training
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(3.84), multi-skilling (3.82), poka-yoke (3.73), quality audits (3.70), and focused
factory (3.69). On the contrary, the last five lowest scores are recorded for
autonomous maintenance (3.03), reduction o f number o f suppliers and distances
(3.04), Taguchi methods (3.07), uniform workload (3.12) and advanced tools o f
quality control (3.13).
The discussion o f effectiveness is more informative if it is related to
application. It is interesting to note from Table 7.7 that the effectiveness o f JIT
practices is the highest compared with that o f other core and even infrastructure
practices. This is despite the fact that their application is the least frequent
among the groups. This suggests that JIT implementing plants (their number is
small compared with the total sample, see Table 7.6 under N for effectiveness)
have recognised the power o f JIT practices. For individual practice, it is
experienced by poka-yoke. In contrast to its application, which is the third
lowest (2.33), its effectiveness (3.73) is the third largest among ail the practices.
From the point o f view o f the application and effectiveness, the 38
practices can be divided into four groups:
I.

low applicability and low effectiveness;

H.

low applicability and high effectiveness;

III.

high applicability and low effectiveness; and

IV.

high applicability and high effectiveness.

In this case, the mean scores in Table 7.6 are used to determine the criteria
for low/high application and effectiveness.
A practice is considered to have low or high applicability if its mean score
is less or equal or more than the average applicability score o f all practices
(3.03). Similarly, a practice is considered to have low or high effectiveness if its
mean score is less or equal or more than the average effectiveness score o f all
practices (3.43). Figure 7.6 presents the result of this division.
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Practices:

Practices:

Small Group Improvement Activities
5S & housekeeping
Poka-yoke (fail safrng)
Design for Manufacturability and Quality
Focused factory
Pull production system
Kanban

B7 - basic tools of quality control
Employee training
Multi-skilling
Supplier quality certification
Supplier long-term contracts
Quality audits
Standardisation o f products and processes
Cross functional management
Visible Improvement Management
Failure Mode and Effect Analysis
Quality Function Deployment
Set-up time Reduction
Group Technology
Preventive Maintenance

Suggested actions:

Suggested actions:

• Promote their application
• Maintain and improve their
effectiveness by experimentation

• Maintain their application
• Maintain and improve their
effectiveness by experimentation

Practices:

Practices:

N7 - advanced tools o f quality control
Plan— Do— Check— Action
Reduction o f # o f suppliers and distance
Job enlargement/enrichment
Benchmarking
Value Analysis / Value Engineering
Taguchi Methods
Uniform workload
Eqp management and improvement by teams
Autonomous Maintenance
Maintenance Prevention
Maintenance Management System

Total supplier evaluation
Policy deployment
Customer survey
Statistical Process Control
JIT scheduling

Suggested actions:

Suggested actions:

• Promote their application

• Maintain their application

• Improve their effectiveness by training
and accomm odating local factors

• Improve their effectiveness by training
and accommodating local factors
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Figure 7.6: The Division of Practices According to Application vs. Effectiveness and
Their Corresponding Suggested Actions

Figure 7.6. provides both the grouping o f practices and the suggested
actions. For example, the actions for practices in the second group, which have
low applicability and high effectiveness, may be to promote their usage and to
maintain and improve their effectiveness. These practices include SGIA, 5S and
housekeeping, poka-yoke, design for manufacturability and quality, focused
factory, pull production system, and Kanban. Their promotion may be through
industrial training, and the improvement of effectiveness can be accomplished,
for instance, by experimentation in the plant.
142

7. 5.

A pplication o f P erform ance M easurem ent

The purpose of this section is to investigate the application of performance
measurement systems by Australian manufacturers to see whether they relate to
company performance.
■ Establishm ent of Perform ance T argets
The tirst is to observe whether plants establish targets to set their improvement
direction. For WCM companies, the use o f performance targets is aimed at
assessing the degree of improvement expected as a result of implementing WCM
techniques (Maskell, 1991).
It is seen that 67 plants or about 80% o f the sample set improvement
targets, and the remaining 18 plants or 20% do not. This classification becomes
more meaningful when it is related to the main theme o f the present study, that is,
the implementation of TQM, JIT and TPM. Figure 7.7 depicts the percentage of
plants setting targets by implementation status (Yes and No). This figure is
based on a cross-tabulation between these two variables which is presented in
Table C-3 in Appendix C.

Figure 7.7: Percentage of Plants Setting T argets by Implem entation Status
Figure 7.7 indicates that the use o f TQM, JIT an d TPM encourages plants
to set perform ance targets. It is apparent that the percentages of plants setting

targets are higher among those which use TQM, JIT or TPM than among those
which do not use them. The highest percentage of plants setting targets is
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recorded for among those which use TPM (93.8%). Among those which use JIT
and TQM, these numbers are 89.5% and 80% respectively.
A logical question that may arise from the above result is that Ts there any
association between the implementation status and setting targets?’ Two
statistical methods are available for dealing with such categorised data. The data
analysis o f these methods is presented in Table C-3.1 to C-3.3 in Appendix C.
The following paragraphs discuss two important findings.
a. T est for independence

The first is a test fo r independence between a pair of data categories, that is,
between the implementation status o f TQM, JIT and TPM and the existence of
target setting. This test exhibits that while there is little evidence tor rejecting the
independence between the implementation of TQM and target setting, a strong
evidence is found against the independence between the use o f JIT and TPM and
target setting. One reason for the lack o f evidence in the former case is that the
proportion o f plants using and not using TQM is almost the same as the
proportion o f plants setting and not setting targets. The other reason is that plants
implementing TQM may or may not set targets depending upon the philosophy
they follow. While Deming (1986) does not encourage plants to set numerical
targets, Crosby (1979) does so.
b. A m easure o f association

The second is a measure o f association between a pair o f data categories. As a
consequence of the above, the contingency coefficient (measure o f association)
between the use o f TQM and target setting is the least (0.099). For JIT and TPM,
the coefficients are 0.349 and 0.273 respectively. But, the strength of association
between data categories is not easy to interpret; and though the possible range is
from 0 ( no association) to 1 (full association), it cannot generally attain the
upper limit o f 1 (Gibbons, 1985). Thus, the above numbers are sufficient to show
that association exists between the use of TQM, JIT and TPM and the existence
o f target setting.
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■ Employee Involvement in Target Setting
The second important issue in the use of performance measurement is the
involvem ent o f em ployees in target setting. Among the 67 plants which set

targets, 18% are completed by managers only, 42% mostly by managers, and the
remaining 40% by managers and employees together. Again, this becomes more
meaningful when it is related to the implementation of TQM, JIT and TPM.
Table C-4 in Appendix C presents a cross-tabulation between these two items
and Figure 7.8 illustrates the percentages of plants involving employees in setting
targets by implementation status.

T P M
■
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Y e s

m a n a g e rs

T Q M
an d

Y e s

e m p lo y e e s

J IT

Y e s

IIIM o s ty

J IT
b y

X1o

m anagers

T P M
D O n iy

N o

T Q M

N o

b y m a n a g e rs

Figure 7.8: Percentage of Plants Involving Employees in Setting T argets
by Im plem entation Status
Before analysing the relationship between these two items, it is necessary
to clarity the meaning of 'employee involvement' in target setting. This
terminology stands for setting targets by managers and workers together or can
be combined with setting targets mostly by managers. Table 7.8 presents a
summary o f measures o f association for both cases. The complete results can be
seen in Table C-4.1 to C-4.6 in Appendix C.
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Table 7.8: Association between Employee Involvement in Target Setting and
TQM/JTT/TPM Implementation Status
Case I

Case II

Association between employee Contingency
involvement in target setting and:
Coefficient

Sig. Contingency
Coefficient

Implementation Status of TQM
Implementation Status of JIT
Implementation Status of TPM

Sig.

.144

.235
.263 .026
.032 .794
.079 .518
.233 .050
.107 .379
a. Case 1: Employee involvement in target setting = setting targets by managers and
employees together;
b. Case II: Employee involvement in target setting = setting targets by managers and
employees together or mostly by managers.

Table 7.8 demonstrates two different outcomes for the two cases. For case
I, employee involvement in target setting is significantly associated with TPM
implementation status (coefficient = 0.233), but not with TQM implementation
status. This result contrasts with that for case II. Employee involvement in
target setting is significantly associated with TQM implementation status
(coefficient = 0.263), but not with TPM implementation status. For both cases,
there is no association between employee involvement in target setting and JIT
implementation status.
The above finding can be explained as follows. Employee involvement in
TPM is administered through overlapping SGIA and special committees and is
aimed at achieving clear equipment performance-related goals. Hence, managers
need to collaborate with employees in setting targets (Case I). On the other
hand, employee involvement in TQM is organised by establishing SGIA in every
section and is aimed at resolving both general and specific problems, both related
and not related to performance. Hence, managers may or may not involve
employees in setting targets depending upon the problems they attempt to solve
(Case II). JIT has more long term and enforced goals than TQM and TPM.
Consequently, the use o f JIT is not associated with employee involvement in
target setting.
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■ Methods of Target Setting
After elaborating the establishment o f targets and employee involvement in target
setting, the following paragraphs will explain briefly how the targets are set. In
this case, the respondents who answer ‘Yes’ in setting targets were asked farther
whether the target was set formally and regularly. Table 7.9 presents the ways
and regularity of setting targets.
T able 7.9: W ays and R egularity o f Setting Im provem ent Targets
Frequency

Valid %

Cum ulative %

61

91.0

6

9.0

91.0
100.0

No

4

6.0

6.0

Yes, every... months
Yes, when something happened

60

90.0

96.0

4.0

100.0

W ays of Setting Targets:
Formally
not formally
R egularity of Setting Targets:

Total

67

100.0

The above table indicates that more than 90% of the sample set targets
formally and about 94% set targets regularly. The formality of setting targets can
be seen as the plants’ endeavour to measure and monitor their progress over time
against certain performance references. These targets are in turn shared by all
employees, who strive for their attainment.
Table 7.9 also reveals that 90% of the sample set targets periodically and
only 4% set targets when something happened. This result indicates that most
plants set targets in a proactive manner and only small portion of them set targets
in a reactive way. One of the reasons for the latter is the occurrence of
something unfavourable.
The next question is, among plants which set targets periodically, how
often is the target set? Table 7.10 provides a frequency tabulation of 61 or about
91% valid answers. This table shows that close to a half or 48% of the sample
set targets every 12 months, about 20% set targets every 3 months, about 13% set
targets every 6 months, and others set targets every 1, 2 ,4 , or 10 months.
Overall, the average period o f setting targets is 7.5 months.
147

T a b l e 7 .1 0 : P e r i o d s o f S e t t i n g T a r g e t s
Periods (Months)
12
3
6
1
2
4
10
Valid Total

Frequency
29
12
8
7
2
2
1
61

Valid %
47.5
19.7
13.1
11.5
3.3
3.3
1.6
100.0

Cumulative %
47.5
67.2
80.3
93.8
95.1
98.4
100.0

■ Factors Influencing T arget Setting
Other important issue for those companies which set targets is the factors which
influence this action. Ln this case, respondents were asked to choose one or
more factors, and were requested to specify the factors if they selected 'others’.
Figure 7.9 presents percentages of plants by factors influenced setting targets.
I

Customers

Competition
■ Yes
11No
_______

internal company policy
Other factors
Labour union
0%

20%

40%

60%

80% 100%

Figure 7.9: Percentage of Plants by Factors Influenced Setting Targets
As with the motives for implementing HOlPs, two main business actors
are the most influential factors in the target setting. Customers and competition
are selected by respectively 69% and 60% of the sample. As expected, the third
dominant factor is internal company policy (48%). Plants which choose ‘others’
specify shareholders and profit to be among other factors affecting target setting.
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■ References for Evaluating Progress
The present study also questioned respondents, both who set and do not set
targets, about performance references they applied to evaluate progress over
time. In this case, respondents were asked to choose one or more references, and
were requested to specify if they selected ‘others.’ There were 83 valid answers
for this question, and Figure 7.10 presents the result.

Internal practices
Performance targets
Direct competitors
Global best practices
National best practices
Other references
0%

20%

40%

60%

80%

100%

Figure 7.10: Percentage of Plants by Perform ance References
Respondents select the proposed performance references quite evenly. The
first three prevalent references in evaluating progresses are experienced
respectively by internal practices (e.g. trend data) by 46%, and performance
targets and direct competitors both by 41 % of the sample. Global and national
best practices are chosen respectively by only 34% and 21 % of the sample.
Other references (ticked by 5% of the sample) include similar international plants
in the group, no real measures in place, and customer benchmark numbers.
It is interesting to note from the above result that internal practices are the
major references in assessing plant performance. Several interpretations can be
made from this fact. F irstly , quite a large portion of the sample are common
plants with average performance. They are still experimenting with innovative
production improvement methods, and are not yet prepared to compete in the
global market. Hence, they prefer to monitor their progress internally or at most
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against direct (local) competitors. Secondly, a small portion o f the sample have
begun to pursue manufacturing excellence practices. Consequently, these plants
have to appraise their progress against national or global best practices depending
upon the market they address. As seen in Figure 7.1,40% of the sample are
either multi-national companies or subsidiaries. When they apply performance
targets as references, these targets should be derived from the best practices.
■ Strategic Response to Competitive Pressures
Another important issue affecting manufacturers in measuring their performance
is how they manage and prioritise present and future strategic response to
competitive pressures. This in turn will determine what order-winners and
qualifiers they should attain first or can be postponed until later.
In dealing with this matter, the current study asks respondents to rank four
business performances (improved quality, reduced cost, improved delivery, and
improved flexibility) in order to be able to compete in present and future markets.
The results are displayed in Table 7.11 and Figure 7.11.
Table 7.11: P resent and F uture Business Perform ance Ranking
Criteria
Improved quality
Reduced cost
Improved delivery
Improved flexibility
Valid
No answer
Criteria
Improved quality
Reduced cost
Improved delivery
Improved flexibility
Valid
No answer

First Present
Freq.
%
20 24.4
28 34.1
25 30.5
9 11.0
82 100.0
3
First Future
%
Freq.
19 23.2
26 31.7
20 24.4
17 20.7
82 100.0
3

Second Present Third Present
Freq.
%
Freq.
%
39
47.6
19
23.8
15
18.3
25
31.3
18
22.0
22
27.5
10
12.2
14
17.5
82
100.0
80
100.0
3
5
Second Future Third Future
%
Freq.
Freq.
%
42
51.2
20
25.0
24
29.3
16
20.0
6
7.3
28
35.0
10
12.2
16
20.0
82
100.0
80
100.0
3
5

Fourth Present
Freq.
%
8
10.1
10
12.7
13
16.5
48
60.8
79
100.0
6
Fourth Future
Freq.
%
6
7.6
12
15.2
24
30.4
37
46.8
79
100.0
6
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Figure 7.11: Present and F uture Business Perform ance Ranking
Table 7.11 presents a crosstabulation between four business performance
criteria and performance ranking. There are differences in valid answers among
the performance ranking. This is because some respondents do not provide
ranking, instead they only tick one of the criteria. For easier visualisation, the
criteria in Figure 7.11 are arranged from the largest to the lowest percentages for
the first ranking business performance.
The above result confirms that reduced cost (C) is the most popular
business performance to be pursued in the first place by plants in the sample.
Both for present and future markets, more plants select C as the first choice,
though a slight decline (from 28 to 26 plants) exists. Improved delivery (D) is the
second most prevalent business performance to be pursued in the first place in
order to compete in the present market. While D is still preferred as the second
most common performance for the future market, the percentage declines. In this
case, percentage of plants selecting D as the first ranking drops sharply from 31%
to 24%, and percentage of plants selecting improved flexibility (F) as the first
ranking increases significantly from 11% to 21%. This fact confirms that
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‘flexibility is the next competitive battle’ (Miller, et. al, 1988). Finally, the
percentage of plants selecting improved quality (Q) as the first ranking only
changes marginally from 24% for the present market to 23% for the future
market. This means that Q is still considered as an important element, although
not the most important for overall competition.
For the second ranking, O is the most popular business performance. For
competing in the present market, Q is chosen by about 48% o f the sample to be
the second ranking. For competing in the future market, Q is selected by about
51% of the sample to be the second ranking. It can be inferred that respondents
which do not select Q as the first ranking are more likely to choose it as the
second ranking.
For the third ranking, the four business performances share almost equal
percentages. C has the largest percentage for the present market, but D has the
largest percentage for the future market.
For the fourth ranking, F is the most popular business performance. About
61% of the respondents claim that for competing in the present market F is the
last priority. But for competing in the future market, this percentage reduces to
47%. From the discussion about present and future strategic responses by
Australian manufacturers, it can be concluded that Q, C, and D are still
considered as three most important elements o f competition in the present
market, but the popularity o f F is increasing fo r the future market.
■ Characteristics of Performance Measurement
Finally, it remains to analyse characteristics of performance measurement
employed in the respondents’ plants. In this case, ten characteristics applied by
WCM (Maskell, 1991) were proposed and respondents were asked to tick ‘Yes’
or ‘No’ or ‘Do not know’. The result is presented in Table 7.12. It is apparent
that the proportion o f plants applying characteristics of performance measurement
similar to those employed by WCM is larger than those not applying them.
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T ab le 7 .1 2 : C h a r a c te r istic s o f P erfo rm a n ce M e a su rem en t
Characteristics
Direct relation to manufacturing strategy
Primarily used non-financial measures
Financial measures for external
Non-financial for operations
NF include monitoring QCDF
Represented in simple way
Change over time
Intended to foster not monitor
Operator collect data
Evaluation based on group

Yes
<%)

No

Do not know

(%)

(%)

73.5
45.9
51.2
69.4
91.7
79.8
72.6
81.0
51.8
80.0

15.7
49.4
42.9
29.4
8.3
20.2
21.4
15.5
47.1
16.5

10.8
4.7
6.0
1.2
0.0
0.0
6.0
3.6
1.2
3.5

Valid
(100%)

83
85
84
85
84
84
84
84
85
85

The characteristics which are commonly used by plants and agreed with
those employed by WCM are the relation to manufacturing strategy, the use of
non-financial measures to monitor Q, C, D and F, the use of simple representation
of feedback, the intention to foster rather than monitor, and the evaluation by
group. However, some practices seem contrary to WCM characteristics, such as
the use of financial measures, unchanged over time, and absence of operator
involvement in data collection.
7.6.

Conclusion

Characteristics o f the respondents o f the mail survey and the way they implement
WCM methods, consisting o f human oriented improvement programs (particularly
TQM, JIT and TPM), their practices and measurement, have been detailed in this
chapter. This information is very useful to interpret tests o f hypotheses which
will be carried out in the next chapter.
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C hapter 8
Tests o f Hypotheses
8.1.

Introduction

The purpose of this chapter is to examine the twelve hypotheses developed in
Chapter 5. Section 8.2 explains four hypotheses relating to difference in
performance between companies implementing and not implementing TQM, JIT
and TPM. Section 8.3 investigates five hypotheses about development of
guidelines for implementing the integrated production system. Section 8.4
evaluates three hypothesis concerning the existence of synergy in use o f practices
of the integrated model leading to improved performance.
8.2.

Explaining Performance Differentials

As stated earlier, the primary hypotheses aim to investigate four propositions:
H I: Companies implementing at least one of TQM. JIT and TPM outperform those
which do not implement any of these methods.
H2: Companies implementing a combination of TQM. JIT and TPM, or all the three
methods concurrently outperform those which implement only one of them.
H3: Companies implementing a combination of TQM, JIT and TPM, or all the three
methods concurrently and setting performance targets outperform those which do not.
H4: Companies implementing a combination of TQM, JIT and TPM, or all the three
methods concurrently and setting performance targets by involving (shopfloor)
employees outperform those which do not.
The investigation of these hypotheses is carried out in three steps. Firstly,
the sample is divided into groups as dictated by the hypotheses. Secondly, the
performance measure of these groups is determined and calculated. Thirdly,
testing hypotheses about difference in means (performances) is conducted and a
conclusion is drawn.
Figure 8.1 depicts the grouping of plants as required by the hypotheses.
The grouping of plants into categories A, B, C and D is accomplished using data
in Table 7.5b (p. 135). The grouping of plants into E, F, G and H is done using
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data in Table 8.1. With regard to tests o f hypotheses, HI compares A and B, H2
compares C and D, H3 compares E and F, and H4 compares G and H.

Not using any of TQM, JIT or TPM
(A) = 7 plants

Sample = 85 plants

i
i

Using at least one of TQM, JIT or
TPM (B) = 78 plants

Using at least two of TQM, JIT
and TPM, or all the three together
(D) = 56 plants

___ i

Using at least two of TQM, JIT
■
and TPM, or all the three
together, and set targets (F) = 50
plants

Using one of TQM, JIT or TPM (C)
= 22 plants

Using at least two of TQM, JIT and
w TPM, or all the three together, but not
set targets (E) = 6 plants

Using at least two of TQM, JIT and
pIn. TPM, or all the three together, set
targets, but not involve employees in
setting targets (G) = 26 plants

Using a combination of TQM,
JIT and TPM, or all the three
together, set targets, and involve
employees in setting targets (H) =
24 plants
Figure 8.1: The Grouping of Respondents as Required by the Hypotheses
Table 8.1: The Grouping of Sample into Setting Target and Who Set Target

Implement one of them
Implement at least two
Total

Implement one of them
Implement at least two
Total

Set performance target?
No
Yes
14
8
6
50
14
64
Who Set Targets?
Mostly Managers and
Only
employees
managers
managers
9
3
2
24
18
8
27
27
10

Total
22
56
78
Total
14
50
64
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The next step is to determine performance measure o f these groups. The
questionnaire asks the respondents to estimate manufacturing and business
performance o f their plants. In this context, the appropriate measure o f a plant’s
performance is its ability to satisfy customers’ needs in terms of quality, cost
(price), delivery, and flexibility. In other words, the average business performance
is the best indicator o f difference in level ofperformance among plants.
The question is “how is the average business performance measured?” To
answer this, it is worthwhile to check the availability of data. Table 8.2a presents
distribution of business performance. Business performance is measured using
ordinal scale from cl ’ for ‘among the worst’ to ‘5’ for ‘among the best’. Since no
respondents select ‘among the worst’ and only very few of them choose ‘below
average’, then it is necessary to devise an alternative distribution. This is
displayed in Table 8.2b.
Table 8.2a: Distribution of Business Performance (Old)
Estimate of Performance
Among the best (5)
Above average (4)
Average (3)
Below average (2)
Among the worst (1)
Not applicable
Total respondents

Quality
15
49
20
1
0
0
85

Cost
9
23
46
7
0
0
85

Delivery Flexibility
15
14
36
22
oD
n
43
D
5
2
0
0
0
0
85
85

Table 8.2b: Distribution of Business Performance (New)
Quality
Cost
Delivery Flexibility
Estimate of Performance
9
15
15
14
High performance (3)
49
23
22
36
Moderate performance (2)
21
53
48
35
Low performance (1)
85
85
85
85
Total
From the available data, the best measurement of plant performance is the
average of scores for quality, cost, delivery, and flexibility. According to this
criterion, the average business performance changes from ordinal (non-metric) to
numeric scale. Utilising the new arrangement, the average business performance
ranges from a minimum o f 1.00 to a maximum o f 3.00.
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The following paragraphs discuss the results o f testing the primary
hypotheses. These hypotheses are concerned with comparing two groups of
plants in terms o f their business performance. Hence* the appropriate statistical
test for this purpose is t-test for Equality o f Means. Table 8.3 presents the result.
Table 8.3: Results o f Testing the Primary Hypotheses

------------------------------------------------ -----——------ —-------------------------------------'-----------

H I : Companies implementing at least one of TOM. JIT and TPM fB l outperform those which
do not implement any of these methods (A).

Group Statistics
Group

N

t-test for Equality of Means

Std.
Dev.

M ean

Assumption

t

df

S ig .(2 Mean
Std. Error
tailed) Difference Difference

A

7

1.29

.17

Equal -2.356
variances

83

.021

-.44

.19

B

78

1.73

.50

N ot equal -5.177 17.387
variances

.000

-.44

.09

H2 .Comparii es implementing a combination of TOINA, JIT and TPM, or all the three methods
concurreifitly (D) outperform those which implernent only one of them (C).

Group Statistics
Group

N

Mean

t-test for Equality of Means

Std.
Dev.

Assumption

t

df

Mean
Std. Error
Sig. (2
tailed) Difference Difference

C

22

1.59

.35

Equal -3.580
variances

76

.118

-.20

.12

D

56

1.79

.54

N ot equal -1.888 58.379
variances

.064

-.20

.10

H3: Companies implementing a combination of TQM, JIT and TPM, or all the three methods
concurrently and setting performance targets IF) outperform those which do not tEV

Group Statistics
Group

Mean

N

t-test for Equality of Means

Std.
Dev.

Assumption

t

df

M ean
Std. Error
Sig. (2
tailed) Difference Difference

E

6

1.46

.29

Equal
variances

1.612

54

.113

.37

.91

F

50

1.83

.55

N ot equal
variances

2.582 9.860

.028

.37

.57

H4: Companies implementing a combination of TQM, JIT and TPM, or all the three methods
concurrently and setting performance targets bv involving (shopfloor) employees (G)
outperform those which do not (H).

t-test for Equality of Means

Group Statistics
Group

N

M ean

Std.
Dev.

Assumption

t

df

M ean
Std. Error
Sig. (2
tailed) Difference Difference

G

26

1.86

.58

Equal
variances

.412

48

.682

.07

.13

H

24

1.79

.52

N ot equal
variances

.414 47.981

.681

.07

.13
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The result for each hypothesis is presented in the form o f two tables:
group statistics and t-test fo r equality o f means. These tables are separated by a
blank column. This means that each table should be interpreted separately in the
sense that the first line of the second table has no correspondence with the first
line o f the first table.
Group statistics display number of cases, mean and standard deviation for
each group o f respondents being observed. Number of cases has been discussed
in the first step. The meanings of the second and third terms are clear, hence, no
further explanations are required.
The use o f t-test for equality o f means assumes that the two random
variables have a normal distribution with unknown means and variances. For the
first hypothesis, the random variables are the average business performance o f
groups A and B. Since there is no prior knowledge about the condition of
equality o f variances, the table presents results for both cases: equal variances
assumed and not assumed. Thus, whatever the result (equality of variances is
accepted or rejected), the table supplies the answer.
The test displays five results. Each is recorded for both cases: equal
variances assumed and not assumed, ‘t-test7 is the name of a test procedure that
assesses the statistical significance of difference in performance between two
groups, ‘d f stands for degree o f freedom, a measure of how restricted the data
are to reach a level o f prediction. If it is small, this suggests that the resulting
prediction may be less generalised. ‘Sig. 2-tailed7 is the significance level
associated with the statistical testing. A two-tailed test is used to detect
difference between two groups regardless of the direction of difference. The four
hypotheses are first concerned with determining (using the two-tailed test) if
difference in means exists between two groups; if the difference exists then the
one-tailed test is used to determine if performance of one group outperforms the
other. Both use the same data, but the significance level o f the first is twice that
of the second. Typically small values, such as 0.05 or 0.01, are considered to be
significant.
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Moreover, ‘Mean Difference’ is the observed difference in performance
between two group being investigated. Lastly, ‘Std. Error Difference’ is a
measure of the dispersion of difference in performance due to sampling variation
rather than due to some deliberate action of the plants (e.g. implementation of an
improvement method).
It is seen in Table 8.3 that, for the first hypothesis, the 78 plants
implementing at least one of TQM, JIT and TPM (group B) have an average
business performance of 1.73 with standard deviation of 0.50. Their mean score
is better than that of plants not using any of the three methods (group A), which
is 1.29. The standard deviation of B is also larger than that of A, which is 0.17.
This means that the performance of plants in A is relatively more consistent than
that in B. Moreover, Lavene’s test for equality of variances (not shown in Table
8.3) reveals that the variances of the two groups are significantly different.
Furthermore, with equality of variances not assumed, the t-test for equality
of means confirms that there is very strong evidence to support the existence of
difference in performance between groups A and B with the level of significance
0.00. The observed difference in performance between the two groups is 0.44.
This number is far greater than standard error difference due to sampling error,
which is only 0.09 when equal variances are not assumed. Hence, it can be
concluded that difference in performance between the two groups results from
the implementation of TQM and/or JIT and/or TPM.
With difference in means supported, one-tailed test can be used to verify
the first hypothesis. By doubling the recorded significance twice, the number is
still very little (0.00). Thus, very strong evidence is found to support the first
hypothesis that the implementation o f at least one o f TQM, JIT and TPM leads to
better performance. However, it is not yet known whether other aspects of plant
management affect performance differentials. The examination of the
subsequent hypotheses may reveal more information concerning this matter.
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As for the second hypothesis, Table 8.3 indicates that the performance of
plants in D (using a combination o f TQM, JIT, and TPM or all the three methods
simultaneously) is better than that in C (using only one method). Standard
deviation of D is also larger than that of C. Test for equality o f variances
confirms that variances ot the two groups are significantly different.
T-test for equality of means shows that there is a difference in performance
between the two groups. However, the significance for supporting the difference
is not strong, i.e. 0.064 when equal variances are not assumed. The standard
error difference due to sampling error is 0.10. This number is not significantly
different from the observed mean difference between the two groups (0.20).
Thus, it can be concluded that difference in performance between plants in D and
in C may be caused by sampling error, and not by difference in implementation
o f TQM, JIT and/or TPM..

.

To verify the causes of cnot strong’ evidence to support performance
differentials between C and D, it is useful to split D into D1 (using any two of
TQM, JIT and TPM) and D2 (using all the three methods concurrently), and
compare performances of these two groups. The result is presented in Table 8.4.
Table 8.4: Result of Testing Difference in Performance between D1 and D2
Group Statistics
Group

N

M ean

j

t-test for Equality of Means

Std. | Assum ption
Dev. j

i

D1

29

1.56

.41 i

D2

27

2.03

;
.56 i
!

T

Equal -3.615
variances

df

Mean
Sig. (2
Std. Error
tailed) Difference Difference

54

.000

-.47

.13

N ot equal -3.575 47.272
variances

.000

-.47

.13

The result demonstrates that plants using three methods concurrently have
an average performance of 2.03. This is the highest average performance among
all the groups under observation. T-test for equality o f means confirms that, with
the significance level o f 0.000, the performance of D2 is very different from that
o f D1. Thus, one-tailed t-test proves that plants implementing the three methods
concurrently outperform those which use any combination o f them.
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One obvious indication of lack o f evidence for supporting the second
hypothesis is large difference in performance between D2 and D1. In fact,
performance o f D1 is lower than o f C (using one method). Hence, observing the
composition o f groups D1 and C in Table 7.5b (p. 135) may provide the necessary
information to find the answer.
Among the 29 plants in D l, 24 or 83% use TQM and JIT. As seen in
Table 7.7 (p. 139), while the effectiveness of JIT practices is the highest, the
applicability is the lowest. This fact indicates that many o f JIT plants are still
experimenting with several innovative methods (e.g. JIT and TQM). Many of
them have not been able to improve their performance since they apply selective
JIT practices, and many o f them are among the 24 plants (considering that their
performance is relatively low). On other hand, among the 22 plants in C, 18
plants use TQM. The high applicability of TQM practices (the highest among
the core practices) testifies that the use of TQM practices has been able to
improve performance o f even average companies. This supports the contention
that the performance o f plants using one method is not much different than plants
using any combination of the three methods.
The third hypothesis is concerned with the verification of performance
differentials among plants in group D (implementing at least two or all three
methods), that is, between those which set targets ( T ’) and those which do not set
targets (‘E ’). The result shows that performance o f F ( 1.83) is better than that of
E (1.46). The observed difference in performance between the two groups is
large (.37). Also, performance variation among plants in F is relatively more
dispersed than that o f in E. Hence, test for equality of variances reveals that
variances of the two groups are significantly different.
Furthermore, t-test for equality o f means confirms that means o f the two
groups are different with significance level of 0.028 when equal variances are not
assumed. With such a small significance level, one-tailed test proves the validity
of H3: setting targets significantly lead to better performance given the
implementation o f at least two or all three methods concurrently.
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While strong evidence to support the validity o f the third hypothesis is
found. Table 8.3 exhibits that this result is achieved with relatively small degrees
of freedom (9.86). This number suggests that generalisation o f this result is
limited. In other words, while setting targets is one o f the important factors, the
implementation ot the three methods simultaneously is more effective for
achieving better performance.
Th qfourth hypothesis attempts to investigate the influence of involving
employees in target setting on performance differentials among plants in CF’
(using at least two or all three methods concurrently and setting targets). Table
8.1 (p. 154) shows that among the 50 plants in F, 8 plants use targets set by
managers only, 18 plants mostly by managers, and 24 plants by managers and
workers together. As discussed earlier, employee involvement in target setting
can be the third group alone or the sum of the second and third groups. The result
presented in Table 8.3 is based on the first meaning.
The result indicates that average performance o f plants in CH’ (involving
employees in target setting) is slightly below that in ‘G’ (not involving workers
in target setting). This is contrary to expectation. The standard deviations o f the
two groups are almost equal. Consequently, test for equality of variances is
confirmed, that is, there is no significant difference in variances. Moreover, the
t-test for equality of means proves that differences in performance between the
two groups are merely caused by sampling error and not by the action of
involving employees in setting targets. In other words, there is insufficient
evidence to claim that involving employees in target setting will lead to worse or
better performance.
if the second meaning o f employee involvement in target setting is used,
the result of comparing HI (involving employees) and G1 (not involving
employees) is similar to that o f the previous result (see Table 8.5). Although
performance o f G1 is better than that of H I, this difference is merely caused by
sampling error and not by the action o f involving employees in target setting.
Thus, the conclusion is the same as above.
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Table 8.5: Result of Testing Difference in Performance between G1 and HI
Group Statistics
Group

N

M ean

t-test for Equality of Means

Std.
Dev.

Assumption

t

df

Mean
Sig. (2
Std. Error
tailed) Difference Difference

G1

26

1.86

.58

Equal
variances

.412

48

.682

.07

.36

HI

24

1.79

.52

N ot equal
variances

.414 47.981

.681

.07

.16

Discussion in this subsection brings about modification to the previous
explanation concerning the classification of companies into five performance
categories (see page 95 in Chapter 5). The new explanations are as follows:
1. Low performance companies are those which do not implement any of
TQM, JIT or TPM
2. Low to moderate performance companies are those which implement any
one or two of the three methods.
3. Moderate performance companies are those which implement all the three
methods concurrently.
4. Moderate to high performance companies are those which implement all
the three methods concurrently and set performance targets.
5. High performance companies are those which implement all the three
methods concurrently, set performance targets, and other actions which
have not been revealed yet.
The following sections attempt to investigate these other factors
contributing to improved company performance.
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8.2.

Guidelines fo r Implementing the Integrated Production System

The purpose of this section is to verify five secondary hypotheses. This
examination is aimed at investigating the other factors contributing to company
performance which have not been addressed in the previous section, and also at
developing guidelines for implementing the integrated production system.
The fifth hypothesis is:
H5: Various characteristics of companies (size, product, process, strategy) influence
the decision to apply TQM, JIT and TPM.
Four plant characteristics (size, product, process and strategy) are
examined to determine whether they influence the decision to implement TQM,
JIT and TPM. While in Figure 7.1, plant sizes are classified into six categories
according to the number of employees and annual turnover, for verifying this
hypothesis, this categorisation is reduced to three groups: small, medium and
large. This is done to simplify the analysis. The groupings of plants into products
and processes are the same as before. Since the respondents are allowed to select
one or more manufacturing strategies, the grouping of plants according to this
variable is performed to the plants which choose only one strategy (there are 54
plants or 65% of the sample). This is done to enable to analyse the influence of
strategy on preference for using TQM, JIT and TPM.
The Chi-Square test for independence is the appropriate method for
examining the relationship between two sets of characteristics (preference for
using TQM, JIT and TPM and the four variables). Table 8.6 presents a summary
of cross-tabulation between preference for using TQM, JIT and TPM and the
four variables. Table 8.7 displays a summary of the Chi-square tests for the
relationships. The complete data analysis for the fifth hypothesis can be seen in
Tables C-5.1 to C-5.30 in Appendix C.
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Table 8.6: Preference for TQM, JIT and TPM by Size o f Plants, Product,
Process and Strategy
Preference
V ariables

TQM
No

Size of Plants
(Number of Employees)
Small (less than 50)
Medium (50 - 500)

JIT

Yes

No

14
46

11
14

0
13

13
72

3
28

Small (less than 10)
Medium (10 - 100)

10
3

Large (more than 100)

0
13

15
37
16
68

6
3
1
1
11
7

Total

TPM
Yes

9
4

Large (more than 500)

for:
No

lotai

Yes

12
36
9
57

18
29
6

21
6

53

32

12
85

10
12
5
27

15
28

20
24

5
16

25
40

11
54

6
50

10
31

16
81

35
15
16
6
72

16
2
8
2
28

28
15
9
5
57

30
10
9
4

14
7
8
3
32

44
17
17
7
85

35
20
6

11
3
4

31
19
4

17
11
2

42

7
4

7
3
28

1
2
57

8
5

17
8
6

5

23
50

Size of Plants
(Annual Turnover in million $)

Total
Finished Product
Electrical/Industrial Eqp
Motor Vehicle & Parts
Metal Products
Chemical Products
Total
Manufacturing Process
Batch
Production Line
Continuous
Project
Job-shop
Total

2
2
1
1
13

72

53
25
11
6
6
5

2
0
32

22
8
8
5
85

14
4

31
12

3

0
2

6
5

34

20

54

53

Manufacturing Strategy
Focus on Product
Focus on Process

6
1
2
1

25
11
4
4

2
2

23
7
4
3

Focus on Market
Focus on Service
Total

10

44

17

37
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Table 8.7: Chi-Square Tests of Preference for TQM, JIT and TPM by Size of
Plants, Product, Process and Strategy
P ea rso n C h i-sq u a r e
Value

df Sig. (2-tailed)

Conclusion

Plant Size (# of Employees) by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases

14.307
3.202
3.663
85

2
2
2

.001
.202
.160

Associated
Independence
Independence

15.872
.731
7.559
81

2
2

.000
.694
.023

Associated
Independence
Associated

2.236
5.279
1.450
85

'y
3 .
3

.525
.152
.694

Independence
Independence
Independence

1.430
18.069
5.682
85

4
4
4

.839
.001
.224

Independence

1.719
1.218
4.496
54

3o
3
3n

.633
.749
.213

Independence
Independence
Independence

Plant Size (Annual Turnover) by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases

2

Product bv:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases
Manufacturing Process by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases

Associated
Independence

Manufacturing Strategy by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases

Table 8.7 demonstrates that different relationships may bring about
different results. Hence, the overall results may not lead to rejection or
acceptance o f the hypothesis, but a conclusion may be drawn regarding each of
the relationships.
Plant size (both grouped by number o f employees and by annual turnover)
is associated with preference for using TQM, but not with JIT. Medium and large
plants show greater preference for TQM than small plants. This result is expected,
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because medium and large plants are more willing to spend, for instance, costs o f
training. On the other hand, preference for JIT is independent of plant size. This
finding agrees with that o f Gilbert (1990) when investigating the status o f JIT
implementation in the USA. Preference for TPM is not associated with plant size
based on number o f employees, but it is associated with plant size based on
annual turnover. As expected, plants with annual turnover of more than 100
million dollars are inclined to use TPM to maintain their expensive equipment.
On the contrary, plants with annual turnover of less than 100 million dollars
prefer not to use TPM.
Finished product and manufacturing strategy are not associated with
preference for using TQM, JIT and TPM. The form er may be due to the fact that
questionnaires are sent to groups of plants which are prone to use these methods.
Hence, there is no difference in preference for using the three methods among
product categories. The latter confirms that whatever the focus o f their strategy,
manufacturers can not avoid using these innovative methods in their efforts to be
competitive. In both cases, preference for TQM and JIT is relatively greater than
for TPM. This result is expected, since the TPM movement has just started in
the early 1990s.
While preference for TQM and TPM is not influenced by manufacturing
process, preference for JIT is. As expected, plants with batch and production line
processes prefer to use JIT, plants with continuous process may or may not use
JIT, but plants with project and job-shop processes are prone not to use JIT. This
finding agrees with that of Miltenburg (1995), since at least until now JIT is still
considered to be more appropriate for repetitive production.
It can be concluded from the above discussion that some characteristics of
plants may or may not influence preference for TQM, JIT and TPM, depending
upon the contextual factors surrounding their implementation. For example,
preference for TQM is influenced by size because of difference in financial
capability to support its implementation. Likewise, preference for TPM is
influenced by size due to a desire to maintain expensive equipment. If a certain
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characteristic o f plant is associated with preference for a certain method, then
their agreement may logically lead to better performance.
The sixth hypothesis is:
H6: The ever-changing environment (both internal and external) and customer
requirements influence the decision to apply TQM, JIT and TPM.
In this hypothesis, motives for implementation (see Table 7.4a, p. 134) can
be viewed as environmental forces which drive companies to apply TQM, JIT
and/or TPM. From the six motives listed in the questionnaire, three are selected
by a considerable number o f respondents. Hence, this hypothesis is evaluated by
the Chi-Square test to see if there are associations between the three motives and
preference for TQM, JIT and TPM.

Tables 8.8 and 8.9 summarise the results. The complete data analysis can
be seen Tables C-6.1 to C-6.6 in Appendix C.
Table 8.8: Preference for TQM, JIT and TPM by Motive of Implementation
'
Motive of Implementation

Preference
TQM
No

for

JIT

Yes

No

U s i n go:
TPM

Yes

No

Yes

Total

Customer Requirement:
No

5

24

7

22

20

9

29

Yes

4

48

17

35

29

23

52

No

1

14

5

10

8

7

15

Yes

8

58

19

47

41

25

66

No

7

38

13

32

28

17

45

Yes

2

34

11

25

21

15

36

Total

9

72

24

57

49

32

81

Competitive Pressure:

Internal Company Policy:
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Table 8.9: Chi-Square Tests of Preference for TQM, JIT and TPM by
Motive of Implementation
P ea rso n C h i - s q u a r e
Value

df Sig. (2-tailed)

Conclusion

Customer Requirement by:

Preference for TQM
Preference for JIT
Preference for TPM
___________ N of Valid Cases

1.719
.653
1.357
81

1
1
1

.190
.419
.244

Independence
Independence
Independence

.368
.121
.395
81

1
1
1

.544
.728
.530

independence
Independence
independence

2.025
.027
.127
81

1
1
1

.155
.870
.722

Independence
Independence
Independence

Competitive Pressure by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases
Internal Company Policy by:

Preference for TQM
Preference for JIT
Preference for TPM
N of Valid Cases

.

Table 8.9 demonstrates that no sufficient evidence exists to claim that the
three forces influence the decision to implement TQM, JIT and TPM. This result
ascertains that while the three motives drive companies to improve performance
over time they are not associated with preference for TQM, JIT and TPM. In
other words, these three methods are equally attractive among plants based on
the motives o f implementation.
The seventh hypothesis is:
H7: A positive correlation exists between the adoption of TQM, JIT and TPM and the
application of their accompanying practices.
To evaluate this hypothesis, plants are divided into adopting and not
adopting TQM, JIT and TPM (see Table 7.5a, p. 135). Then, application score of
Infrastructure, TQM, JIT and TPM practices is calculated for each plant. In this
case, average score is more suitable to represent application score than total score,
since some respondents do not follow all o f the practices. Finally, their associated
t-test for equality of means is conducted. Table 8.10 presents the result.
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Table 8.10: Difference in Application Score of Practices between Plants Adopting
and Not Adopting TQM, JIT and TPM, and their Associated t-test

Application Score of:
Infrastructure Practices:
TQM
JIT
TPM
TQM Practices:
TQM
JIT
TPM
JIT Practices:
TQM
JIT
TPM
TPM Practices:
TQM
JIT
TPM

N ot Adopting
N Mean Std
Dev

Adopting
Signif. (2 -tailed )
N Mean Std
Equal Not equal
Dev variances variances

13
28
53

2.52 0.42
2.94 0.61
2.98 0.57

72
57
32

3.33 0.56
3.34 0.58
3.58 0.51

0.000
0.004
0.000

0.000
0.006
0.000

13
28
53

2.29 0.82
2.60 0.96
2.67 0.73

72
57
32

3.05 0.77
3.10 0.69
3.38 0.77

0.002
0.008
0.000

0.007
0.018
0.000

13
28
53

1.80 0.66
2.07 0.90
2.44 0.95

72
57
32

2.97 0.89
3.15 0.77
3.38 0.62

0.000
0.000
0.000

0.000
0.000
0.000

13
28
53

2.02 0.84
2.56 0.90
2.42 0.78

72
57
32

2.98 0.86
2.96 0.91
3.51 0.73

0.000
0.064
0.000

0.002
0.065
0.000

Table 8.10 demonstrates that, for almost every test, there is very strong
evidence to confirm that plants adopting TQM, JIT and TPM have higher
application scores in all groups (Infrastructure, TQM, JIT and TPM), compared
to those which do not. In this table, only one test shows the level of significance
slightly more than 0.05, that is, application score of TPM practices between
plants adopting and not adopting JIT (with the level of 0.065). This means that
plants adopting JIT apply TPM practices at the same level as those not adopting
JIT. However, it can be concluded that the adoption of these three methods
generally leads to greater application of the accompanying practices.
Validation of this hypothesis does not necessarily imply that plants
adopting TQM, JIT and TPM meet all the requirements to achieve excellent
performance. Instead, they have to be compared with one another to see whether
difference in level of application of practices leads to difference in performance.
This issue will be discussed in the next hypothesis.
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The eighth hypothesis is:
H8: A positive correlation exists between the application of practices and the resulting
manufacturing and business performance.
This hypothesis examines the relationship between level of application of
practices and level o f performance. First, appropriate measures of these two items
are determined. For the former, the appropriate measure is the average score of
practices. It is calculated for each respondent by dividing total practices by the
number of practices he/she follows. This is more representative than the total
score of practices, since some respondents do not follow all o f the practices.
The second item has two elements: manufacturing performance and
business performance. Measurement of business performance has been discussed
earlier while verifying the primary hypotheses, that is, average business
performance. As for manufacturing performance, it is necessary to observe its
distribution. This distribution is presented in Table C-8.1 in Appendix C. Since
very few respondents select ‘among the worst,’ then a alternative distribution is
required. This is displayed in Table C-8.2 in Appendix C.
Again, the appropriate measure of manufacturing performance is the
average, not the total, manufacturing performance for each respondent, since some
respondents do not answer all of its 15 components, for example, ‘not applicable’
for their plant In this hypothesis, two relationships are examined: (1) between
application of practices and average business performance; and (2) between the
application of practices and average manufacturing performance.
These relationships can be verified using a linear regression analysis.
Figures 8.2 and 8.3 display scatter plots o f the relationships (1) and (2)
respectively. The complete regression models of these relationships are
presented in Tables C-8.3 and C-8.4 in Appendix C.
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A v e ra g e s c o r e o f to ta l p r a c tic e s

Figure 8.2: A verage Business Perform ance as a Function of
Average Score of Total Practices
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The fir st model confirms that average business performance (y) is
correlated with average score of total practices (x), with a coefficient of 0.613.
Analysis o f variance indicates that most of the variation in y is explained by the
regression equation (y = 0.275 + 0.467 x) and that the model is useful. This
equation indicates that, for each additional average score of total practices (x),
average business performance (y) increases by an average of 0.467.
The second model supports the correlation between average manufacturing
performance (y) and average score of total practices (x), with a coefficient of
0.545. Analysis of variance indicates that most of the variation in y is explained
by the regression equation (y = 1.089 + 0.450 x) and that the model is useful.
This equation indicates that, for each additional average score of total practices
(x), the average manufacturing performance (y) increases by an average of 0.450.
These models reinforce a positive relationship between application of
practices and performance. However, they only relate total practices to total
performance. A more detailed explanation relating application of particular
practices leading to particular performance is necessary. This issue will be
discussed in the next section. But before that, the last hypothesis in this section
will be investigated.

The ninth hypothesis is:
H9: The duration of implementation of TQM, JIT and TPM is positively related to the
level of performance.
This hypothesis is concerned with comparing performance among groups
of plants based on duration of implementing TQM, JIT and TPM. By combining
the ‘never’ and ‘plan to implement’ categories in Table 7.3 (p. 132) into just one
category of ‘never’, Tables C-9.1 and C-9.2 in Appendix C present (average)
business and manufacturing performance of plants in four duration categories of
implementation. Their histograms appear in Figures 8.4 and 8.5 respectively.
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Figure 8.4: Business Perform ance by D uration of Im plem entation

TQM

JIT

TPM

f--- ------------------------—------------------------- ------------------- -- -----------■ U p to 2 y e a r s S O v e r 5 y e a rs C32 - 5 y e a rs □ N e v e r

Figure 8.5: M anufacturing P erform ance by D uration of Im plem entation
It is apparent from the figures that plants w hich never im plem ent any o f
the three m ethods score the low est in both business and m anufacturing
perform ance. In general, plants im plem enting TQ M , JIT and TPM for up to tw o
years have the highest perform ance. This is follow ed by those w hich im plem ent
the m ethods m ore than five years, and finally by those which im plem ent betw een
2 - 5 years.
It seem s that recently im plem enting plants w ere am bitious w ith the
m ethods, and their perform ance im proved considerably after im plem entation.
A fter im plem enting for m ore than tw o years, problem s began to appear, and they
could not m aintain the perform ance level they had achieved. A fter im plem enting

more than five years, they gained the experience to resolve the problem. Hence,
their performance started to improve again.
To examine difference in performance among the plants in categories o f
implementation duration, analysis o f variance (ANOVA) is the appropriate method.
However, ANOVA can only detect difference in performance among categories,
but it can not ascertain differences in categories. Observing that plants never
implementing these methods have the lowest performance, it is useful to apply
ANOVA to the remaining three categories. Table 8.11 provides a summary o f the
results. The complete data analysis can be seen in Appendix C (Table C-9.3 for
four categories and Table C-9.4 for three categories).
T able 8.11: C om paring Perform ance by D uration o f Im plem entation

ANOVA
Business Performance by Duration of:
TQM Implementation
JIT Implementation
TPM implementation
Manufacturing Performance by Duration of:
TQM Implementation
JIT Implementation
TPM Implementation

Significance
All Four Categories Three Categories
0.012
0.016
0.001

0.176
0.176
0.560

0.136
0.035
0.000

0.114
0.122
0.714

Table 8.11 demonstrates that there is sufficient evidence to claim the
existence of difference in performance among the plants in all four categories of
implementation duration (including ‘never’), except for one case (manufacturing
performance among the plants implementing TQM). This can be seen from
Figure 8.5 that difference in manufacturing performance among the plants never
implementing TQM, implementing for 2 to 5 years, and implementing more than
5 years is not so apparent.
On the other hand, difference in both business and manufacturing
performance among the plants using TQM, JIT and TPM in the three different
implementation duration (excluding ‘never’) is not found. Hence, the ninth
hypothesis must be rejected.
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S. 3. Synergy in Application o f Practices and Im proved Performance
T hree propositions regarding this issue are investigated in this section. C ontinuing
from Section 8.2, the tenth hypothesis is:
H10: The extent of use oi infrastructure practices (problem solving, employee
involvement and empowerment, supplier relationships, workplace management
and other continuous improvement practices) is positively related to the level of
performance.
The exam ination of this proposition is sim ilar to that o f the eighth hypothesis.
It is useful to observe plots o f the variables under investigation (Figures 8.6 & 8.7).
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It is apparent from these figures that both business and manufacturing
performances are associated positively with the (average) score o f Infrastructure
practices. These relationships can be analysed further using linear regression
models. Tables C-l 0.1 and C-10.2 in Appendix C present the data analysis o f the
two models.
Th qfirst model shows that business performance (y) is correlated
positively with score o f Infrastructure practices (x) with a coefficient of 0.581.
Analysis o f variance indicates that the regression model is very significant.
Hence, most of the variation in y can be explained by the regression equation:
y = 0.209 + 0.463 x. In other words, efforts to extend a unit application o f
Infrastructure practices may increase business performance by 0.463.
The second model reveals that manufacturing performance (y) is also
correlated positively with score o f Infrastructure practices (x) with a coefficient
o f 0.505. Analysis o f variance confirms the significance o f the regression model,
i.e. most o f the variation o f y can be explained by the regression equation : y =
1.059 + 0.436 x. In other words, efforts to extend a unit application o f
Infrastructure practices may increase manufacturing performance by 0.436.
These models confirm the tenth hypothesis that the level o f application o f
Infrastructure practices is related positively to the level o f performance. As
explained in Chapter 3, Infrastructure practices support the effectiveness of core
(TQM, JIT and TPM) practices, and together they constitute the basis for
attaining excellent performance. The following two hypotheses will investigate
this argument.
The eleventh hypothesis is:
HI l : The application of at least one set of unique practices, TQM (product design,
customer focus, process management), JIT (set up time reduction, focused
factory, group technology, pull production system, uniform workload, JIT
scheduling, Kanban) or TPM (equipment management and improvement by
teams, preventive maintenance, autonomous maintenance, maintenance
prevention, maintenance management system), provides companies a better
level of performance than those which only use Infrastructure practices, given
adequate application of Infrastructure practices.
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Investigation o f this hypothesis requires dividing plants into those which
apply Infrastructure practices adequately and those which do not, according to a
certain criterion: application score o f Infrastructure practices is 3.00 or more.
56 plants or 66% of the respondents use Infrastructure practices adequately and
29 plants or 34% not adequately. The 56 plants are grouped further into those
which use TQM, JIT and TPM practices adequately and not adequately according
to the same criterion (application score is 3.00 or more). The result is presented
in Table 8.12.
Table 8.12: The Grouping of Plants into Using TQM/JIT/TPM Practices Adequately
and Not Adequately Given Adequate Use of Infrastructure Practices

Not adequately
Groups of Practices

Adequately

TQM practices

Frequency
17

%
20.0

Frequency
39

%
45.9

JIT practices

19

22.4

. 37
39

43.5

Total
56

%
100

56
100
TPM practices
17 20.0
45.9
56
100
Note: A plant is called to use a group of practices adequate when its application score
of practices on that group is 3.00 or more.
Then using this classification, the t-test for equality of means can be
conducted to investigate the existence of difference in performance between these
pairs of groups. Table 8.13 summarises the results. The complete data analysis
for this hypothesis can be seen in Tables C -11.1 to C-l 1.6 in Appendix C.
Table 8.13: Difference in Performance between Plants Using TQMyjIT/TPM
Practices Adequately and Not Adequately Given Adequate Use of
Infrastructure Practices

Difference in Performance
Business performance by use o f core practices:
Use TQM practices adequately vs. inadequately
Use JJT practices adequately vs. inadequately
Use TPM practices adequately vs. inadequately
Manufacturing performance by use o f core practices:
Use TQM practices adequately vs. inadequately
Use JIT practices adequately vs. inadequately
Use TPM practices adequately vs. inadequately

Significance
Equal variances Equal variances
assumed
not assumed
.006
.057
.031

.000
.026
.005

.073
.053
.008

.024
.033
.001
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Tables C -l l . 1 to C -l 1.6 show that while plants applying ‘core’ practices
inadequately have moderate performance (larger than 1.50), those which apply
core practices adequately have even higher performance (close to 2.00). Table
8.13 confirms that performance o f plants which apply core practices adequately
are significantly better than those which do not. In other words, the proposition
that the existence of synergy in use o f combined Infrastructure and one of unique
practices leading to improved performance is verified.
The twelfth hypothesis is:
H12: The use of any combination of TOM. JIT and TPM unique practices or of all the
three concurrently provides companies a better level of performance than those
which only use one of them, given adequate use of Infrastructure practices.
Again, the examination o f this hypothesis requires grouping plants into
those which apply one, two and three core practices adequately among those
which use Infrastructure practices adequately. Table 8.14 presents this grouping
and the performance o f each group.
Table 8.14: Performances of Groups Using One, Two and Three Core Practices
Adequately Given Adequate Use of Infrastructure Practices

Grouping o f plants into using I, 2,
and 3 core practice(s) adequately
given adequate use o f Infrastructure
Infrastructure + one core practice
Infrastructure + one core practice

Infrastructure + two core practices

Infrastructure + three core practices

Group
Statistics

Average
Average
business manufacturing
performance
performance
N
13
13
Minimum
1.25
1.93
Maximum
2.25
2.79
Mean

1.62

2.31

Std. Deviation
N
Minimum
Maximum

0.28
18
1.00
2.50

0.26
18
1.07
3.00

Mean

1.58

2.38

Std. Deviation
N
Minimum
Maximum

0.35
22
1.25
3.00

0.50
22
2.00
3.87

Mean

2.19

2.89

Std. Deviation

0.59

0.59
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Table 8.14 shows that business and manufacturing performances o f plants
in the third group (using Infrastructure and three core practices adequately) are
much higher than the other two groups. For business performance, plants in the
second group (using Infrastructure and two core practices adequately) perform
slightly better than those in the first group (using Infrastructure and one core
practice adequately). For manufacturing performance, on the other hand, plants
in the first group perform slightly better than those in the second group.
To verify difference in performance among these three groups, analysis of
variance is used. The result is presented in Table 8.15.
Table 8.15: ANOVA: Difference in Performance Among Groups Using One, Two
and Three Core Practices Adequately Given Adequate Use of
Infrastructure Practices

Sum of
Squares
Average business Between
performance Groups
Within
Groups
Total
Average manufacturing Between
performance Groups
Within
Groups
Total

73.358

df

Mean
Square

F

Sig.

2 36.679 11.109

.000

165.094

50

238.453

52

3.785

2

1.893

12.402

50

.248

16.187

52

3.302

7.631

.001

The result shows that there is difference in performance among the three
groups, but ANOVA can not determine which groups are different. Observing
Table 8.14, it is useful to compare performance of plants in the third group and
the combined first and second groups. The results are presented in Table 8.16 for
group statistics and Table 8.17 for t-test for equality of means.
Table 8.16 shows that average manufacturing and business performances
of plants using Infrastructure and three core practices adequately are much higher
than those o f plants using Infrastructure and one or two core practices adequately.
Table 8.17 confirms that performances o f these two groups are significantly
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different. Thus, it can be concluded that application o f all the three core practices
concurrently and adequately enables companies to achieve a better level o f
performance than those which only use one or two o f them, given adequate use o f
Infrastructure practices.
Table 8.16: Performances of Groups Using O ne or Two and Three Core Practices
Adequately Given Adequate Use of Infrastructure Practices

Grouping o f plants into using I or 2
and 3 core practice(s) adequately
given adequate use o f Infrastructure
Infrastructure +- one or two core
practices

Group
Statistics

Average
Average
business manufacturing
performance
performance
N
31
31

Mean

1.60

2.35

Std. Deviation
Infrastructure + three core practices
N

0.32
22

0.41
22

Mean

2.19

2.89

Std. Deviation

0.59

0.59

Table 8.17: T-test for Equality of Means between Plants Using One or Two and
Three Core Practices Adequately Given Adequate Use of Infrastructure
Practices

Average business
performance

Average manufacturing
performance

8.4.

Assumption

t

Equal variances
assumed

-4.755

51

.000

Equal variances not
assumed

-4.328

29.891

.000

Equal variances
assumed

-3.923

51

.000

Equal variances not
assumed

-3.690

34.853

.001

df Significance

Conclusion

Twelve hypotheses have been investigated in this chapter. Some are accepted and
some are rejected. Some o f the results reinforce previous empirical findings, and
others represent a new contribution to knowledge. Furthermore, it is necessary to
relate the findings o f the company survey to the integrated production developed
in Chapter 3 and 4 The next chapter will discuss this matter.
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C hapter 9
D iscussion o f R esults o f the C om pany Survey

9.1.

Introduction

The purpose of this chapter is to discuss the results o f the company survey (the
mail survey and the case study). Section 9.2 analyses the results of the mail
survey. Section 9.3 illustrates application of the model. Section 9.4 analyses the
results of the case study.
9.2.

Discussion o f Results o f the Mail Survey

Discussion in this section follows the order of research questions mentioned in
the introductory chapter. These findings are summarised in Table 9.1

■ Extent to which Respondents Implement WCM
In accordance with the integrated model, the extent of WCM implementation by
a company is assessed by investigating three related activities: adoption of TQM,
JIT and TPM; application o f their accompanying practices; and application of
performance measurement. This assessment is aimed at determining whether or
not these actions contribute to improved company performance.
While TQM is still the most popular improvement strategy, JIT and TPM
have begun to attract companies. About one-fifth o f the respondents plan to use
TPM and about one-tenth plan to use JIT. Although adoption of TQM, JIT and
TPM in this country is behind that in the USA and Europe, the trend is promising.
Many plants are attempting to implement two or more methods concurrently.
The adoption o f the improvement methods is motivated by three dominant
forces: competition, customers and internal company policy. This is in
accordance with the suggested Manufacturing Technology General Framework.
The ever-changing customer requirements and environment drive manufacturers
to improve their performance over time. Unless this desire is accompanied by
internal company policy, however, improvement is not likely to happen.
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Ite m s

C om m ents

• Adoption o f TQM , J lT a n d TPM

1. TQM is adopted by 85% of the respondents, JIT by 67%, TPM by 38% (T 7.3).
2. 19% of the respondents plan to adopt TPM, 11% plan to adopt JIT, and only
2% plan to adopt TQM (T 7.3).
3. 26% of plants adopt any one of them, 35% any combination of them and 32%
all the three methods (T 7.5b)
4. 78% of respondents are motivated by competition, 61% by customers, and 42%
by internal company policy (T 7.4a).

Although the adoption of TQM, JIT and
TPM in this country was behind that in the
USA and Europe, the trend is promising.
While the popularity of TQM is the highest,
TPM and JIT began to attract companies.
Concurrent implementation o f two methods
or more has been attempted by some plants.

• Application o f practices o f the integrated model (W CM practices)

1. On average, application of WCM practices is on a moderate level. Infrastructure ■ The ‘application and effectiveness grid’
practices are the highest, followed by TQM, TPM and JIT (T 7.7).
shows the opportunity for improvement.
2, On average, effectiveness of WCM practices is close to high. JIT practices are
Hence, suggested actions are proposed.
the highest, followed by Infrastructure, TQM and TPM practices (T 7.7).
3. Application and effectiveness grid divides practices into four groups (F 7.6).
Application o f performance measurement

1. Adoption of TQM, JIT and TPM encourages plants to set targets. Setting targets
2.
3.
4.
5.

6.

QO
U
>

is done by 94% TPM plants, 90% JIT plants and 80% TQM plants (F 7.7).
Employee involvement in target setting is associated with preference for TQM
and TPM, but not for JIT (T 7.8).
Respondents prefer to set targets formally and regularly (T 7.9). The largest
percentage (48%) of period of setting targets is 12 months (T 7.10).
Three dominant factors influence target setting: customers (69%), competition
(60%) and internal company policy (48%) (F 7.9).
The largest percentage of performance reference is internal practices, followed
by performance targets, direct competitors, global and national best practices
(F 7.10).
Respondents prioritise reduced cost, improved delivery and quality as primary
strategic responses to compete in both current and future market, but improved
flexibility is becoming more popular for competing in future market (T 7.11).

While adoption of TQM, JIT and TPM
and application of their accompanying
practices are directly associated with
performance, application of performance
measurement is indirectly related. Hence,
the association between the practices of
measuring performance and preference
for TQM, JIT and TPM has to be
investigated first before estimating their
contribution to improved performance.

Table 9,1: A Summary of the Findings of the Mail Survey

1. The extent to
which the
respondents
implement
WCM
methods
(TQM, JIT
and TPM)

F in d in g s (R e fer en ce s: T - T a b le; F - F ig u re)

2. Performance
differentials

3. Guidelines
for
implementing
the integrated
model

4. The existence
of synergy in
application of
practices

oo

F in d in g s (R e fe r e n c e s: T - T a ble; F - F ig u re)
1. Plants implementing at least one of TQM, JIT and TPM outperform those which do not
implement any of them (T 8.3)
2. There is no difference in performance between plants implementing one and any
combination of TQM, JIT and TPM (T 8.3)
3. Plants implementing all the three methods concurrently outperform those which
implement one or two of the three methods (T 8.3 and T 8.4).
4. Plants implementing any combination of TQM, JIT and TPM or all the three methods
concurrently and setting targets outperform those which do not (T 8.3).
5. There is insufficient evidence to claim that involving employees in target setting leads
to worse or better performance (T 8.3 and T 8.5)._________________________
1. Size of plant is associated with preference for TQM and TPM, but not for JIT. On the
contrary, manufacturing process is associated with preference for JIT, but not for TQM
and TPM. Finished product and manufacturing strategy focus are independent with
preference for TQM, JIT and TPM (T 8.7).
2. Motivation of implementing an improvement program (customer requirement,
competitive pressure and internal company policy) is not associated with preference
for TQM, JIT and TPM (T 8.9).
3. Plants adopting TQM, JIT and TPM have higher application of practices in all groups
(Infrastructure, TQM, JIT and TPM) than those which do not (T 8.10).
4. The extent of application of practices is positively associated with the level of
performance (T C-8.3 and T C-8.4).
5. Duration of implementing TQM, JIT and TPM is not associated with the level of
performance (T. 8.11).__________________
1. The extent of application of infrastructure practices is positively related to the level of
performance (T C-10.1 and T C-10.2).
2. Plants applying one set of core practices (TQM, JIT or TPM) adequately outperform
those which do not, given adequate application of infrastructure practices (T 8.13).
3. Plants using all the three sets of core practices adequately outperform those which
apply one or two core practice(s), given adequate application of infrastructure practices
(T 8.16 and T 8.17).

C o m m e n ts
1The verification of the primary
hypotheses leads to the new explanation
of classifying companies into
performance categories. However, the
adoption of TQM, JIT and TPM may be
interpreted differently by respondents. In
the hypotheses concerning the existence
of synergy, therefore, performance
differentials are re-investigated according
to the extent of application of practices.

■The verification of hypotheses in
this group is aimed at searching
the other factors contributing to
company performance.
■ It is based on the suggested
Manufacturing Technology
General Model developed in
Chapter 4.

■The result of these hypotheses is
consistent with that of the primary
hypotheses. In other words, the
integrated model, which includes the
practices and indicators of its
achievement, is valid.

T able 9.1: A S u m m ary o f the F in d in gs o f the M ail Survey (C on tin ued)

Ite m s

On average, the application of WCM practices is on a moderate level.
The highest application is recorded for Infrastructure practices. This is followed
by TQM, TPM and JIT practices. On an average, the effectiveness of WCM
practices is on a moderate to high level. The highest effectiveness is noted for
JIT practices. This is followed by Infrastructure, TQM and TPM practices.
These classification led to ‘application and effectiveness grid’ (Figure 7.6) which
showed opportunity for improvement. Hence, suggested actions were proposed.
Various activities of performance measurement are attempted. Setting
targets formally and regularly, and involving employees are among the practices
employed by majority of the respondents. The target setting is influenced by
three dominant factors: customers, competition and internal company policy. To
evaluate progress, majority o f the respondents refer their performance to internal
practices, performance targets, and direct competitors, and relatively few o f them
to national and global best practices. This indicates that most of the respondents
are average companies competing in the local market. Lastly, reduced cost,
improved delivery and quality are among the primary strategic responses to both
present and future markets.

■ Explaining Performance Differentials
An examination of the primary hypotheses confirms previous research and also
the new findings o f the present study. The former reveals that plants
implementing TQM, JIT or TPM outperform those which do not implement any
of them. While this result agrees with the previous studies mentioned in the
literature, the integrated model attempts to investigate further the causes of the
performance differentials. This is done by investigating application o f practices
and performance measurement.
The latter demonstrates that plants implementing all three methods
concurrently outperform those which implement one or two o f the methods, and
that there is no difference in performance among plants using either one or two of
the methods. As argued earlier, the main reason for the latter is that plants using
two o f the methods are still experimenting with combined methods, hence their
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performance is relatively unchanged compared to that resulting from the use o f
only one method. In other words, while using the three methods concurrently
leads to excellent performance, it takes time to reap the full benefits.
In addition to implementing the three methods concurrently, companies
which establish performance targets, leads to better performance compared with
those which do not. However, there is insufficient evidence to claim that
involving employees in target setting has an effect on performance.
Although these findings are apparently convincing, they are evaluated
based on grouping plants into those adopting and not adopting a certain method.
The problem is that the interpretation of adopting TQM, JIT and TPM may be
different among the respondents, or between the respondents and this study. For
example, one o f the respondents in the case study interprets ‘adopting JIT’ as
‘call-up order’ or ‘stick to the agreed schedule set together by the customer in
supplying a certain amount of products at a certain time’. This statement is not
fully right, as this is one o f the objectives of JIT rather than its definition. The
integrated model defines ‘adopting JIT’ as applying the seven unique practices of
JIT in addition to adequate application o f Infrastructure practices. To resolve this
problem, performance differentials should be assessed based on grouping plants
into applying a set o f certain core practices adequately and inadequately, given
adequate application o f Infrastructure practices. The examination of hypotheses
concerning the existence of synergy attempts to address this matter.

■ Guidelines fo r Implementing Integrated Model
An examination of hypotheses on this issue is aimed at investigating the other
factors contributing to improved company performance. This is based on the
suggested Manufacturing Technology General Framework. Now, Figure 5.1 can
be re-sketched as Figure 9.1.
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Figure 5.1: The Implementation of the Integrated Production System
Notes: Symbols in the parentheses denote Hypotheses Number, e.g. 115 = the Fifth Hypothesis

Figure 9.1: Im plem entation of Integrated Production System
The fifth hypothesis examines whether the four characteristics of plants
(size, product, process and strategy) influence the decision to adopt TQM, JIT
and TPM. It is confirmed that: (1) plant size is associated with preference for
TQM and TPM but not for JIT; (2) manufacturing process is associated with JIT
but not for TQM and TPM; (3) finished product and manufacturing strategy focus
are independent of preference for TQM, JIT and TPM. In the above figure, H5
connects plant characteristics with the selection of TQM, JIT and TPM by a
dashed line because not all characteristics of plants are related to preference for
the three methods.
A strong relationship between a certain characteristic and preference for
TQM, JIT and TPM may logically result in better performance. As argued in the
previous chapter, it is more advantageous for medium and large plants to
implement TQM and TPM than small plants, due to the ability to spend
implementation costs (e.g. employee training) and the desire to maintain and
improve equipment effectiveness respectively. Furthermore, plants with batch
and production line processes prefer to adopt JIT.
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The next question is: ‘Does every manufacturer have an equal opportunity
to adopt the three methods concurrently?’ The answer is obviously ‘N o’. But
every company may reap the benefits by applying certain practices from each
method. For example, set up time reduction is one o f the JIT practices that can be
applied by any company. As seen in Table 7.6, application o f this technique is
among the tenth highest among WCM practices.
There is insufficient evidence to confirm the sixth hypothesis that the
motives for implementing an improvement method (customer requirement,
competitive pressure and internal company policy) are associated with preference
for TQM, JIT and TPM. Although these three motives impel companies to
improve their performance, and hence force the target setting, they do not lead to
the selection o f a certain method (TQM, JIT or TPM).
The validity of the seventh and eight hypotheses is confirmed. Plants
adopting TQM, JIT and TPM have higher levels o f application of practices in all
groups (Infrastructure, TQM, JIT and TPM) than those which do not. In turn,
there is positive correlation between the extent of application of practices and the
level of performance. This finding implies that the adoption o f TQM, JIT and
TPM may lead to better performance ‘only when it is followed by application o f
the accompanying practices \
The validity of the ninth hypothesis is not confirmed: ‘the duration of
implementing TQM, JIT and TPM is not related to the level of performance’.
This result is unexpected. Perhaps the proposed categories o f duration are too
short to allow difference in performance to be detected adequately. As argued
earlier, it takes time to gain the full benefits from implementing these methods.

■ Existence o f Synergy in Application o f WCM Practices
The existence o f synergy in this case implies that concurrent application o f sets
of practices (Infrastructure, TQM, JIT and TPM) brings about better performance
than exclusive application. Since Infrastructure practices are the backbone of the
integrated model, it is important to examine their association with performance.
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The tenth hypothesis, i.e. the extent of application of Infrastructure
practices is positively related to the level of performance, is validated. This
finding is in accordance with Table 3.6 (p. 71 - 72): ‘Infrastructure practices
indirectly influence all indicators of manufacturing and business performance’.
However, the full benefits of implementing the integrated model can be attained
only if they are combined with the application of the core practices.
Synergy in the concurrent application of Infrastructure and one set of core
practices is examined in the eleventh hypothesis. It is confirmed that plants
applying one set of core practices (TQM, JIT or TPM) adequately outperform
those which do not, given adequate use of Infrastructure practices.
Synergy in the concurrent application of Infrastructure and combined core
practices is examined in the twelfth hypothesis. It is confirmed that plants
applying all the three core practices adequately outperform those which apply one
or two core practices adequately, given adequate use of Infrastructure practices.
The existence o f synergy in use of practices is a new contribution of the
present study in the area of production management. The integrated model is the
first model combining TQM, JIT and TPM, and is equipped with a set of practices
as well as indicators of its achievement. The result of testing these hypotheses are
consistent with that of the primary hypotheses. In other words, the integrated
model, which includes the practices and indicators of its achievement, is valid.
9.3.

Application o f the Integrated Model

■ The Impact o f Applying WCM Practices on Company Performance
This section provides two illustrations of the application of the integrated model.
The first attempts to relate concurrent application of WCM practices to company
performance. For this purpose, two regression models are established. They are
summarised in Table 9.2. The complete data analyses can be seen in Tables C12.1 and C-12.2 in Appendix C.
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Table 9.2: Coefficients of the Regression Equations of the Two Models
Dependent Variables

Independent Variables

(Constant)
Average score of infrastructure practices
Average score of TQM practices
Average score of JIT practices
Average score of TPM practices

BP (I)

MP (2>

Coefficients
.254
.234
.118

Sig. Coefficients
.274
1.123
.047
.150
.137 j
.159 |

.068 .233 |
.055 .427
(1) Dependent Variable: Average business performance
(2) Dependent Variable: Average manufacturing performance

Sig.
.000
.261 !
.079

.051 | .433
.087 j .269

The regression equations can be written as:
BP = 0.254+ 0.234 IN F + 0.118 T Q M + 0.068 JIT + 0.055 TPM ...... (1)
M P = 1.123 +0.150 INF + 0.159 TQM + 0.051 JIT + 0.087TPM
where.

..... (2)

BP = Average Business Performance
MP = Average Manufacturing Performance
INF = Average score of Infrastructure practices
TQM = Average score o f TQM practices
JIT = Average score o f JIT practices
TPM = Average score of TPM practices

The regression models are elaborated below:
■ The regression models attempt to develop ‘linear’ relationships between
concurrent application of Infrastructure, TQM, JIT and TPM practices and
performance. Therefore, the models are constructed based on the “Enter”
method, that is, all four independent variables are included simultaneously to
predict performance.
■ The first model (see Table C-12.1) shows that the coefficient determination
(R-Square) is 0.386 and the significance is 0.000. This coefficient indicates
that about 39% o f variation in business performance can be explained by the
model and that the model is useiul in the sense that at least one coefficient in
Equation (1) is not equal to zero.
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■ Similarly, the second model (see Table C-12.2) shows that the coefficient
determination is 0.319 and the significance is 0.000. This means that about
32% of variation in manufacturing performance can be explained by the
model and that the model is useful in the sense that at least one coefficient in
Equation (2) is not equal to zero.
■ To interpret Equations (1) and (2), it is necessary to observe the significance
of each coefficient in Table 9.2. In Equation (1), the average score o f
Infrastructure practices is the only independent variable having a significance
level less than 0.05. This means that application of Infrastructure practices is
linearly related to business performance. In other words, in the context of
concurrent application of practices, efforts to extend one unit application of
Infrastructure practices may increase average business performance by 0.234.
This result does not necessarily suggest that TQM, JIT and TPM practices do
not have any contribution to business performance. Table 9.2 indicates that
coefficients o f these independent variables are all positive. But their impact
on business performance does not have to be linear. Infrastructure practices
contribute the most to performance. This is followed by TQM, JIT and TPM
practices respectively.
B In Equation (2), the constant and average score of TQM practices are the
independent variables having a significance level less than 0.10. This result
means that plants not applying any WCM practice have a manufacturing
performance of 1.123 ( ‘low performance’ according to Table C-8.2); and at
10% confidence level, it is believed that application of TQM practices is
linearly related to manufacturing performance. In other words, in the context
of concurrent application of practices, efforts to extend one unit application
of TQM practices may increase average manufacturing performance by 0.159
unit. This result does not necessarily suggest that Infrastructure, JIT and
TPM practices do not have any contribution to manufacturing performance.
Table 9.2 indicates that the coefficients o f these independent variables are all
positive. But their impact on manufacturing performance does not have to be
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linear. TQM practices contribute the largest to performance. This is followed
by Infrastructure, TPM and JIT practices respectively.
While the regression models developed in examining the tenth hypothesis
(see Tables C-10.1 and C-10.2) relate application o f Infrastructure practices to
performance, the models developed in this section relate concurrent application
of practices to performance. Therefore, the latter models are more indicative of
performance than the former. It can be seen that the ‘coefficient determination’
(R-Square) of the latter models is larger than those of the former. This ind icates
that the latter can explain variation in performance better than the former.
As argued earlier, the relationship between company performance and
determinants of performance is very complicated. The regression models
elaborated in this section can explain only one-third of variation in performance.
The other factors contributing to performance can not be incorporated into the
regression models. Guidelines for implementing the integrated production system,
which have been discussed theoretically and validated empirically in the previous
chapters (e.g. setting performance targets), are very powerful for guiding and
measuring company performance towards achieving manufacturing excellence.

■ Resource Allocation to Accelerate Performance Improvement
The second application is concerned with resource allocation in order to accelerate
improvement in manufacturing performance. It is based on the Manufacturing
Technology Optimisation Model developed in Section 4.4.
As argued earlier, optimal conditions are accomplished through appropriate
allocation o f resources which lead to the greatest improvement, AMP, vis a vis:
effectiveness (AMPi), efficiency (AMP2), and adaptability (AMP3), or
AMP = AMP! + AMP2 + AMP3 ............................................................ (3)
Table 9.3 shows the grouping of manufacturing performance according to
these three indicators. It is also argued that plants should be concerned first with
effectiveness, then with efficiency and adaptability or vice versa, depending on
the circumstances.
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Table 9.3: Manufacturing Performance and Indicators of Performance
Indicators of:
Manufacturing Performance
Effectiveness
1. In process defects or rework
•
2. Return of already-delivered products
•
3. Manufacturing costs
4. Maintenance costs
j
5. Inventory turnover
|
6. On-time delivery
|
7. Lead time (production)
8. Cycle time
9. Space efficiency
10. Equipment availability
•
11. Equipment performance efficiency
•
12. Labour productivity
•
13. Employee morale and motivation
•
14. Accident frequency
j
#
15. Capital investment efficiency
|

Efficiency

Adaptability

•
•
•

it

•
•
•
•

•

Furthermore, the practices of the integrated model aim at improving
manufacturing performance via better management of resources existing in a
company, which can be simplified into: people and others (e.g. equipment,
materials, energy, and information). Hence, Equation (3) can be written as:
AMP = «(AMPj + AMP2+AMP3) + P(AMP! + AMP2+AMP3)
with

a + (3 = 1 .................................................................................. (4)

where

a: relative contribution to manufacturing performance due to
improved management of people; and
p: relative contribution to manufacturing performance due to
improved management of others.

As seen in Figure 3.2 (p. 42), HRM plays a critical role in managing
Infrastructure and in supporting the core approaches. Hence, improved
management of people contributes to improved management of others. In other
words, P in Equation (4) contains contribution of people. As explained earlier,
after separating the people component from P, Equation (4) can be written as:
AMP = oqCAMPi + AMP2+AMP3) + Pi(AMPj + AMP2+AMP3)
where ai and pi are contributions of ‘all people5and ‘others’ respectively; or
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AMP - AMP p eop le + AMP others

(5)

‘How can improvement in management o f people be accelerated?5
Although a company’s success in improving performance is determined by many
factors, the management of people is the most “tangible” and most easily
influenced (Arndt, 1985). If the contribution to improved performance due to
improved management of people (aj) is split into education (an), training (a^),
and others (a^ ), then the first part of Equation (5) can be written as
AMP people = (an + a 12 + (X13) (AMPi 4- AMP2 4- AMP3) .................

(6 )

Since formal education and other measures (e.g. employee relations) can
only lead to long-term improvement, the best way to improve performance
‘quickly is via industrial (e.g. on the job) mass-training. This is particularly true
in the case of improving the ‘effectiveness5 indicator of the performance (AMP*).
Thus, Equation (6) can be written as:
AMP people

tt]2 AMP 1 4* Q]2 (AMP2 4"AMP3) 4* (tt] 1-1*0.13) (AMP] +AMP2 +AMP3) ... (7)

or
AMP people
Improvement in
manufacturing
performance due to
improved management
of people
In other words, AMP

k O12 AMPi

4*

(AMP2
4-ÀMP3)

012

4“ (0111*013) (AMPi
4*AMP? 4-AMP3)

j
j Improvement j
Improvement in
Improvement in
j
in
!|
efficiency and
all indicators due
j = effectiveness j + adaptability
4- to education and
j
due to
I
other people
due to training
|
training
j
it management
°
can be accelerated when companies can improve their

effectiveness by way o f expanding industrial mass-training, or when they can
make k greater than 1.
To illustrate this, suppose that a typical company spends 60% o f its
improvement budget for improving management of people and the remaining
40% for improving management of others (equipment, materials, energy and
information). Suppose also that the former is distributed as: 20% for education,
20% for training, and 20% for other aspects o f people management. Expanding
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industrial training may mean doubling the percentage of budget spent on training,
so the new distribution becomes: 15% for education, 40% for training, 15% for
other aspects o f people management, and 30% for management of others.
Table 9.4 recommends changes of budget allocation on several practices
of the integrated model from ‘normal’ (.2 0 .20 .20 .40) to ‘accelerated’ ( .15 .40
.15 .30). The accelerated practices are printed in italics. These include 13 out of
20 Infrastructure practices, 3 out of 6 TQM practices, 4 out of 7 JIT practices, and
3 out of 5 TPM practices. These changes modify budget allocation of all practices
from ‘normal’ (.2 0 .20 .20 .40) t o ‘accelerated’ (.1697 .3211 .1697 .3395).
A practice may be considered to be accelerated when its effectiveness
needs participation o f all (shopfloor) employees, not just (limited to) a certain
group of (highly) educated people. For instance, the effectiveness of problem
solving practices requires each member to apply seven basic, or even advanced,
tools of quality control. Consequently, mass-training in these tools will
undoubtedly lead to increased ability of problem solving in the workplace, and
hence to accelerated improvement in performance. A training model of some o f
the accelerated practices can be found in Arndt (1989 a, b, c, d). On the other
hand, the practices of benchmarking and product design, for example, can be
applied by a certain group of people, or even can be conducted by external
consultants. Therefore, mass-training in these practices is not necessary.
Furthermore, Equations (5) and (7) can be combined as:
AMP = AMP people + AMP others .
= an AMPi + ai2 (AMP2+AMP3) + (ai 1+0113) (AMP] +AMP? +AMP3)
+ PI(A M P1+AM P2+AMP3)

...................................... (8)

As explained earlier, the first part of Equation (8) is the performance that
can be achieved quickly. To illustrate this, all items in Equation (8) have to be
estimated. Table 9.3 indicates that seven measures of manufacturing performance
are indicators o f effectiveness, five are indicators of efficiency, and three are
indicators of adaptability. Hence, it is reasonable to argue that AMPi contributes
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Table 9.4: Changes in Resource Allocation from ‘Normal’ to ‘Accelerated’ Scenario
M anagem ent o f People
P r a c t i c e s
Education
A, Infrastructure practices (average)
------ • Problem solving (average)_____________
1. B7 —Basic tools ofaualitv control
0.15

2. N 7 - Advanced tools o f qualm control
3. PDCA/SDCA (Plan Do Check Action)
------ • Em ployee involvement (average)
4. Employee training
5. Multi-skilled employees
6. SGIA (Small Group Improvement Activities)
------ •—Supplier relationships (average)________
7. Supplier certification
8. Reduction o f number of suppliers & distance
9. Long term supplier contracts
10. Total supplier evaluation
____ • Worknlace man ggement (a verage)______
11. 5S and house-keeping
12. Job enlargement / enrichment
------ • Other Infrastructure practices (average)
13. Error-proofing (poka-voke)
14. Oualitv audits
15. Standardisation o f products and processes
16. Cross-functional management
17. Policy deployment
18. VTM (Visible Improvement Management)
19. Benchmarking
20. WAIVE (Value Analvsis/Value Engineering!
B.

Training

Others

M gm t of
Others

0.15
0.15

0.4
0.4
0.4

0.15
0.15
0.15

0.3
0.3
0.3

0.15
0.15
0.15

0.4
0.4
0.4

0.15
0.15
0.15

0.3
0.3
0.3

0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2

0.4
0.4
0.4
0.4

0.15
0.15

0.4
0.4

0.15
0.15

0.3
0.3

0.15
0.15
0.15
0.15
0.2
0.15
0.2
0.2

0.4
0.4
0.4
0.4
0.2
0.4
0.2
0.2

0.15
0.15
0.15
0.15
0.2
0.15
0.2
0.2

0.3
0.3
0.3
0.3
0.4
0.3
0.4
0.4

0.2
0.2
0.15
0.15
0.2
0.15

0.2
0.2
0.4
0.4
0.2
0.4

0.2
0.2
0.15
0.15
0.2
0.15

0.4
0.4
0.3
0.3
0.4
0.3

0.15
0.2
0.2
0.15
0.15
0.2
0.15

0.4
0.2
0.2
0.4
0.4
0.2
0.4

0.15
0.2
0.2
0.15
0.15
0.2
0.15

0.3
0.4
0.4
0.3
0.3
0.4
0.3

0.15
0.15
0.15
0.2
0.2

0.4
0.4
0.4
0.2
0.2

0.15
0.15
0.15
0.2
0.2

0.3
0.3
0.3
0.4
0.4

TOM practices (average)

21.
22.
23.
24.
25.
26.

FMEA (Failure Mode & Effect Analysis')
Taguchi Methods (TM)
OFD ((Duality Function Deployment)
Customer survey
SPC (Statistical Process Control)

27.
28.
29.
30.
31 .
32.
33.

Set up time reduction
Focused factory
Group Technology (GT)
Pull production system
Uniform workload
Just-in-Time scheduling
Kanban

D F M O (D e sig n for M anufacturability & Q uality)

C. J IT practices (average)

D.

34.
35.
36.
37.
38.

TPM practices (average)

TPM—EM (Equipment management by teams)
TPM—PM (Preventive Maintenance)
TPM—AM (Autonomous Maintenance)
MP (Maintenance Prevention)
MMS (Maintenance Management System)

All practices (average)
Note:‘Normal’ - ( .2 .2 .2

0.1697
0.3211 0.1697 0.3395
.4); ‘Accelerated' (italics) — (.15 .4 .15 .3)
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50%, AMP2contributes 30%, and AMP3 contributes 20% to overall improvement
in manufacturing performance (AMP). Assuming that the improved performance
is proportionate to budget allocation, then a n = .1697, a l2 = .3211, a i3 = .1697,
and pi = .3395.
Table 9.5 presents the calculation of Equation (8) according to the two
scenarios described earlier: ‘normal’ and ‘accelerated'.
Table 9.5: Distribution of Manufacturing Performance: ‘Normal’ vs. ‘Accelerated’
AMP

=

c i ]2 A M P ]

+

ci]2 ( A M P 2
+ A M P 3)

+

(a ]]+

(A M P ,
+

Overall improvement Improvement
in manufacturing
in
performance
effectiveness
due to
training

+

0.33)
A M P 2

+

P, (A M P , +

A M P 2 +

A M P3)

A M P 3)

Improvement
in efficiency
& adaptability
due to
training

Improvement in
all indicators
due to education
and other people
management

Improvement in
all indicators
due to improved
management o f
others

Normal (£=1.00)

0.1000

0.1000

0.4000

0.4000

Accelerated (£=1.00)

0.1605

0.1605

0.3395

0.3395

Normal (£=0.447)

0.0447

0.0447

0.1788

0.1788

Accelerated (£=0.447)

0.0718

0.0718

0.1517

0.1517

Table 9.5 (rows 3 and 4) indicates that changing budget allocation from
‘normal’ to ‘accelerated’ increases the first part of Equation (8) from 10% to 16%
or k = 1.6. This means that companies can improve their effectiveness ‘quickly’
by expanding employee training in the practices contributing to effectiveness (see
Table 9.4). As seen in Figures 8.4 and 8.5 (p. 173) companies implementing
TQM, JIT and TPM fo r up to two years have the highest performance compared
to other durations of implementation. The reason for this, as argued earl ier, is
that these recently implementing plants are eager to provide their employees
training on quality-related techniques to enable them to boost their performance
in a relatively short period of time.
Assuming further that concurrent application of Infrastructure, TQM, JIT
and TPM practices is related linearly to performance, Equation (2) becomes:
AMP = 0.150 AINF + 0.159 ATQM + 0.051 AJIT + 0.087 ATPM
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tble 9.6. Based on number of employees, they consist of one large, two
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medium, and two small companies. Based on annual turnover, they are one
large, one medium, and three small companies (see definition given in Table
8.6). The classification based on year o f establishment, plant type, and finished
products are self-explanatory (see third, fourth and fifth rows).
T able 9.6: C haracteristics o f the C om panies Participated in the Case Study

A

B

c

D

E

195

50-99

noo

20-49

20-49

(Medium)

(Medium)

(Large)

(Small)

(Small)

50

<5

<5

<5

(Medium)

(Small)

> 100
(Large)

(Small)

(Small)

Established

1959

1942

3983

1982

1996

Plant Type

Independent

Subsidiary

Company
Number o f
employees
Annual turnover
(million $)

Radio
Finished
product communication
and marine
electronics
Manufacturing
operation

Production
line (100%)

Production
Make to
approach stock (100%)

Cable
markers

Unincorporated Independent Independent
joint venture
Aluminium
products

Continuous
Production
flow (70%)
line (67%)
Project (30%) Batch (33%)
Make to:
stock (70%)
and
order (30%)

Make to:
stock (67%)
and
order (33%)

Signal
conditioners
and power
supplies

Chamber
adjuster kits,
spring

Batch
(100%)

Batch (75%)
Job-shop
(25%)

Make to stock Make to order
(60%) and
(90%) and
design/make design/make
to order (40%) to order (10%)

Moreover, based on manufacturing operation and production approach,
company A is the only one with one manufacturing operation and one production
approach. The remaining have mixed manufacturing operations and production
approaches (see sixth and seventh rows).
9.4.2. Implementation o f TQM, JIT and TPM
This subsection discusses the adoption of TQM, JIT and TPM by the participating
companies and their reasons for adopting or not adopting these methods. It is
aimed at assessing their commitment to continuous improvement and understanding
the motives for the adoption and the contextual differences between the companies
which encourage or discourage the adoption. Table 9.7 summarises this matter.
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Table 9.7: Implementation of TQM, JIT and TPM by Participating Companies
and their Reasons
Company Implementation Status Reasons for Implementing/Not Implementing

TQM

A

B

C

D

E

up to 2 years To assure quality products and ‘doing things
right the first time’
JIT Not implement Complacent with the current level of inventory
and difficulty in seeking local manufacturers as
suppliers
TPM
up to 2 years To make expensive equipment more effective
TQM
2 - 5 years To maintain reputation as an accredited quality
company with ISO/AS 9002
JIT Not implement Complacent with the current level of inventory
TPM Not implement To make expensive equipment more effective
TQM
> 5 years Seeking internal efficiency, gaining customer
feedback, and developing a closer relationship
with customers.
JIT Not implement ■Unable to control some of the plant’s processes
■Some of the internal processes are too variable.
TPM
2 - 5 years To control effectiveness of critical equipment
TQM
> 5 years Not implementing TQM as defined by textbook,
but finding a balance between gaining customer
feedback and avoiding to much paperwork
JIT
up to 2 years Implement its own version of JIT (‘call up order’)
TPM Not implement Not applicable for this plant.
TQM
2 - 5 years To comply with Department of Industry’s safety
requirements and to improve productivity
JIT Not implement Inability to keep up with reduced stocks.
TPM
2 - 5 years To comply with Department of Industry’s safety
requirements and to improve productivity
Company ‘A’ is apparently aware of recent development in new

approaches to manufacturing. External and internal pressures have driven this
company to pursue new approaches to managing quality (TQM) and equipment
(TPM) in order to assure quality and to gain more control on equipment
respectively. This plant has enough resources to use TQM and TPM. Although
the production line is in an advantageous position to adopt JIT compared with
other types of manufacturing operation, this plant does not attempt it formally
due to difficulty in seeking local manufacturers as suppliers. However, some o f
the JIT practices are applied.
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Company ‘B’ is also aware of new approaches to manufacturing. This
plant’s motivation to implement TQM is to obtain external recognition besides
seeking internal efficiency. This agrees with the fifth hypothesis that larger
plants based on number of employees prefer TQM compared to smaller plants.
Smaller plants, based on annual turnover, prefer not to use TPM compared to
larger plants. Moreover, this plant’s manufacturing operation (continuous flow
process) is less amenable to use JIT compared with production line or batch
processes. However, this plant plans to implement both JIT and TPM in the
future, and has already applied some of the JIT and TPM practices.
Like company CA’, company ‘C’ is motivated to implement TQM in order
to seek internal efficiency and develop relationship with customers. This plant
also implement TPM in its effort to control critical equipment. Once started, the
Potlines operate continuously for 24 hours a day until the next production run.
Hence, equipment breakdown leads to huge production lost and start up cost.
Nevertheless, although its manufacturing process is suitable for JIT, this plant
has not attempted to pursue JIT formally due to two primary reasons. Firstly,
some of the processes are not under its control, since supplies of materials are
monopolised by several companies, and attempts to seek for alternative suppliers
have not yet been successful. Secondly, some internal processes are too variable.
Consequently, this plant relies on a buffer stock in order to be responsive to the
customers’ demand.
Company \D ’ is a typical small sized plant addressing a highly
competitive market, thus, its survival depends on its ability to develop a long
term commitment with the customers and suppliers. A high awareness of recent
developments in manufacturing approaches is not reflected in this plant’s ‘full’
adoption o f TQM and JIT according to the textbook. Instead, seeking to avoid
too much paperwork, this plant develops its own Quality Assurance system. This
plant’s version o f JIT is primarily concerned with scheduling production and
reducing buffer stocks, rather than ‘the philosophy of total elimination o f waste’
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(Ohno and Mito, 1986). Moreover, TPM is not applicable, since most o f the
manufacturing operations in this plant are performed manually.
Company ‘E’ is a typical small sized plant emphasising the traditional
rather than modem approach to manufacturing. This plant’s adoption o f TQM
and TPM is motivated by a desire to comply with Department o f Industry for
safety reason and to improve productivity. In this plant, employees are
encouraged to accumulate various skills in order to obtain higher compensation.
Therefore, the management of quality and equipment in this plant is dependent
on a small number of trades-person instead of the participation of all employees.
The main method o f controlling people to do jobs safely, properly, and
productively is putting various signs throughout the plant. Like Company ‘D ’,
this plant avoids too much paperwork in implementing TQM. But unlike
Company ‘D’, this plant does not have a structured Quality Assurance system in
place. Finally, JIT is not implemented in this plant due to its inability to keep up
with reduced stocks.
One conclusion which can be drawn from the above discussion is that the
contextual differences between the companies influence the decision to adopt
TQM, JIT and TPM, although the fifth hypothesis which has been investigated in
the previous chapter is generally applicable. Another interesting conclusion is
that no participating plants implement JIT ‘completely’ due to various reasons
relating to each plant’s contextual factors explained earlier, although these plants
do apply some o f the JIT techniques. This was despite the fact that JIT was
introduced in 1985, one year after the ‘Quality for Australia’ campaign.
Adoption o f TQM, JIT and TPM does not automatically lead to improved
performance unless plants apply WCM practices as well as measure performance
in order to monitor progress o f continuous process improvement over time. The
next two subsections will discuss these matters.
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9.4.3. Application ofW C M Practices
This subsection discusses application ofW CM practices by the participating
plants. It is aimed at understanding how commitment to continuous improvement
is manifested in WCM practices and what contextual factors influence their
application, and hence efficacy. Table 9.8 summarises this matter.
The discussion follows the order of practices stated in Table 9.8. Before
that, it is useful to draw general conclusions that can be arrived at immediately
from data in the table.
■ Similar to the findings of the mail survey, application of Infrastructure practices
is the highest. Some (such as PDCA/SDCA, employee training, multi-skilling,
total supplier evaluation, housekeeping (some without 5S), standardisation,
and policy deployment) are applied by all the participating companies. This
finding denotes, to some extent, awareness of the importance of continuous
improvement. Unfortunately, even after nearly two decades of the Quality
campaign, application of quality tools (B7 and N7) has not been widespread,
especially for small sized companies.
■ No plant applies Taguchi methods, pull production system, and Kanban. The
last two techniques are the core of the JIT system. This is perhaps the main
reason for the plants not implementing JIT formally. Only one plant applies
Supplier certification, Poka-yoke, QFD, MP, and MMS. This matter will be
analysed later in this subsection.
■ The usefulness of most ofW CM practices tends to be moderate to high and
seems unrelated to duration of application. This is particularly true for the
core practices (only one cell has usefulness of c2’ or ‘little’).

The following paragraphs analyse how the participating plants apply WCM
practices to achieve manufacturing excellence. Analysis of each plant is given
in Appendix D. For brevity, Company A is referred to as CA ’, etc.
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Practices

‘A ’

Start of A p p lication
B’
n

E

‘A ’

P ower of Application
D’
‘C ’

‘E ’

A. Infrastructure practices
1. B7 (basic tools of QC)
2. N7 (new tools of QC)
3. PDCA/SDCA
4. Employee training
5. Multi-skilled employees
6. Small Group Improvement Activities (SOIA)
7. Supplier certification
8. Reduction of number of suppliers and distance
9. Long term contracts
10. Total supplier evaluation
11. 5S & house-keeping
12, Job enlargement/enrichinent
13. Poka-yoke
14. Quality audits
15. Standardisation of products and processes
16. Cross-functional management
17. Policy deployment
18. Visible Improvement Management (VIM)
19. Benchmarking
20. Value Analysis and Value Engineering (VA/VE)
Notes: -Application: blank - Not applied; 1 - Applied in the last 0-2 years; 2 - Applied in the last 2-5 years; 3 - Applied more than 5 years.
-Power of Application: blank -Unknown; 1 - Not at all; 2 - Little; 3 -Moderate; 4 -Powerful; 5 - Very Powerful
to
o

Table 9.8: Application of WCM Practices by Participating Plants

WCM

P ra c tic e s

Start Appbm g

‘A’

‘B’

‘C’

‘D’

Power of App ication
‘E ’

‘A’

B. TQM practices
21. Failure Mode and Effect Analysis (FMEA)
3
1
22. Design for Manufacturability and Quality (DFMQ)
1
2
1
2
5
23. Taguchi Methods
24. Quality Function Deployment (QFD)
3
25. Customer survey
3
3
4
26. Statistical Process Control (SPC)
3
2
3
4
C. JIT practices
27. Set up time reduction (SUR)
2
2
1
4
28. Focused factory
3
3
5
29. Group Technology (GT)
3
3
3
4
30. Pull production system
31. Uniform workload
3
3
3
3
3
32. JIT scheduling
1
2
3
33. Kanban
D. TPM practices
34. Equipment management by teams (TPM - EM )
3
3
3
3
5
35. Preventive Maintenance (TPM - PM )
3
3
3
3
5
36. Autonomous Maintenance (TPM - AM )
3
3
3
3
37. Maintenance Prevention (MP)
3
3
38. Maintenance Management System (MMS)
1
Notes: -Application: blank - Not applied; 1 - Applied in the last 0-2 years; 2 - Applied in the last 2-5 years;
-Power of Application: blank - Unknown; 1 - Not at all; 2 - Little; 3 - Moderate; 4 - Powerful;
to
001

‘B’

‘C ’

‘D’

‘E’

4

5
4

4

4

5
4
4

4

3
5
4

2
4

4
3

4

5
5

4
4
3

4

3
4
3

3 - Applied more than 5 years.
5 - Very Powerful

Table 9.8: Application of WCM Practices by Participating Plants (Continued)

W CM

A. Common Infrastructure Practices

■ Problem Solving
Problem solving practices include B7, N7, and PDCA/SDCA. In the large plant
(C), mass training in B7 and PDCA/SDCA is provided. In the medium plants (A
and B), these practices is mainly applied by QAT and management with little
involvement o f shop-floor employees. In the small plants (D and E), no training
of these tools is given, but the PDCA cycle is practiced using their own methods.
PDCA/SDCA is practiced by all the plants but in different ways. This tool is
applied in the large and medium plants by using B7, but the large plant involves
more employees than the medium plants. Since application o f PDCA in the large
plant has just started recently as part of the T eam Development’ ( T D ’) program,
its efficacy is only moderate, similar to that in the medium plants. PDCA is
applied in the small plants without using B7 due to lack of resources. Instead,
PDCA is applied in ‘D ’ using its own Complete Quality Manual and is very
powerful in assuring quality. On the other hand, application of PDCA in ‘E ’
relies on trades-persons without any system in place, but is effective.

■ Employee Involvement and Empowerment
These include employee training, training employees in various skills (multi
skilling), and Small Group Improvement Activity (SGIA). The first two are used
by all the plants, but the third is practiced by the large and small plants only.
The large plant provides various kinds of employee training, not only on-the-job
but also formal training. On the other hand, the medium and small plants provide
mainly on-the-job training, although the medium plants may sometimes send
employees to short workshops. Efficacy of employee training is different from
plant to plant, but in general it is on a moderate to high level.
The large plant applies multi-skilling only in some areas, since the representative
of this plant argues that too much multi-skilling will damage ‘process ownership’
among the employees. The other plants encourage employees to accumulate
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various skills to enable them to be moved from one work-station to another when
necessary. Efficacy o f multi-skilling is high in all the plants.
SGIA is used formally in the large plant in the sense that it encourages employees
to form small groups to discuss anything, even during office hours. The medium
plants, on the contrary, do not apply SGIA viewing it is a waste o f time. The
small plants apply SGIA as a means of transferring skills from the experienced to
the novice employees. Efficacy o f SGIA is generally high.

■ Supplier Relationships
These include supplier quality certification, reduction of number o f suppliers and
distances, long term supplier contracts, and total supplier evaluation.
Supplier certification is only practiced by CB \ It is provided when the suppliers
ask for it. It is useful in assessing their reputation. ‘A’ and ‘D ’ do not apply this
tool; instead, these plants prefer track records. ‘E’ does not use this tool, since
this plant can purchase materials directly from stores. CC ’ does not practice this
tool, since the owners o f this plant supply the main raw material, and the other
raw materials are monopolised by certain companies.
Except CC’, all other plants attempt to reduce the number o f suppliers for
economic reason. On the contrary, CC’ attempts to seek alternative suppliers also
for economic reasons. The traditional arrangement o f suppliers has led this plant
to carry a large inventory of materials. In all cases, suppliers’ distance is not
crucial.
Except £E’, all other plants engage in long term contracts with suppliers of
materials if necessary. Unlike other plants, long term contracts are in fact counter
productive for ‘C \ In general, long term contracts are beneficial to the plants.
Total supplier evaluation is used by, and is beneficial to, all the plants. In all
cases, price is not the only concern. 4A’ places quality and delivery as the main
concern. 4B’, 4D ’ and 4E ’ puts priority on delivery and quality after price. For
CC ’, delivery is indispensable, since this plant can not afford to run out of
materials.
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In short, supplier relationships are very contextual. There is no general pattern
among plants o f the same size or in the same group o f finished products. Thus,
the usefulness o f application varies among plants.

■

Workplace Management

All the plants apply housekeeping, but not necessarily 5S. Except in CC \ this is
managed traditionally. C uses Du Pont’s housekeeping methods, and has recently
introduced 5S. Whatever the methods, housekeeping is very beneficial to the
companies. The efficacy is either powerful or very powerful, except for CA ’.
Job enlargement and enrichment is practiced by three plants of different sizes
(small, medium, and large). It is either powerful or very powerful in improving
company performance. ‘B ’ applies this tool by considering human limitation in
designing jobs.

C uses this tool as part of the 4TD5 program. CD ’ benefits from

this tool as part of multi-skilling through job rotation.

■ Other Continuous Improvement Techniques
These include Poka-yoke, Quality Audits, Standardisation, Cross-functional
Management, Policy Deployment (Hoshin Kanri), Visible Improvement
Management, Benchmarking, and Value Analysis/Vaiue Engineering (VA/VE).
Poka-yoke is used formally in one plant (Cable manufacturer) in some automatic
machines and in very effective in reducing scraps. But CD 5 also applies Pokayoke principle by modifying test jigs and fixed tools to avoid unnecessary
repetitious tasks and measurement and to avoid misuse.
As expected, Quality Audits are applied either by the large or medium plants. As
with problem solving practices, the application in the medium plants is mainly by
QA staff and management with little involvement of employees.
Standardisation is not a new tool in manufacturing. It is applied by all the plants
in different ways. 4A ’ and ‘D ’ apply this tool mainly for parts and products, its
efficacy is moderate. 6B’ applies it for products and processes and documents
them, with high efficacy. 6C ’ applies it as part o f ‘TD’ program, with low
efficacy. CD ’ has applied this tool since the design stage, and its efficacy is high.
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Cross-functional Management tends to be applied more effectively by the medium
plants than by the plants of other sizes. Probably the medium plants have fewer
managers than the large plant. In the small plants the top manager is also the
owner, hence, he is more dominant in controlling the company’s activities.
Policy Deployment (Hoshin Kanri) tends to be applied more effectively by the
large plant than by the plants of other sizes. Supported by enough resources, the
large plant (4C ’) deploys the values o f the company, particularly regarding safety,
via process ownership, communications, bulletins, and the Internet. With fewer
resources, the other plants can apply this tool either moderately or usefully.
Except D , Visible Improvement Management (VIM) is applied very effectively
by the plants. cA ’ and 4B ’ apply this tool by placing instructions and
performance feedback in the workplace in order to be easily accessible by
employees. CC ’ applies this tool mainly for safety, and recently also for other
issues. ‘E ’ is very eager to apply this tool by placing both safety and productivity
warnings throughout the plant, but does not provide performance feedback.
Benchmarking requires resources to implement. Hence, the large plant is the
only one that has applied this tool formally. In fact, internal benchmarking
among smelter plants belonging to the owners of this company has been
conducted since more than five years ago as a means of comparing performance
among the plants. Informal benchmarking with competitors has also been
conducted by CB \ In both plants, efficacy o f this tool is moderate.
Value Analysis/Value Engineering (VAfVE). has been experimented with
informally by &A ’ and CC \

While in °A’ this tool is mainly applied by a design

team, in ‘C ’ it is part of a major project related to cost reduction and involves
people from various sections. As a result, effectiveness of this tool was higher in
CC’ than in CA \
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B. Quality Management Practices

■ Product Design
These include Failure Mode and Effect Analysis (FMEA), Design For
Manufacturability and Quality (DFMQ), and Taguchi Methods (TM).
Failure Mode and Effect Analysis (FMEA) is used in two of the plants in different
ways. In ‘C ’, this tool is applied in several critical areas as part of this plant’s
safety policy. The efficacy is high. In ‘D ’, this tool is applied for some of its
products as part of product design to make the products more reliable. The
efficacy is very high. The other three do not use it because the managements of
these plants perceive that product failures do not have a hazardous impact.
Except ‘C ’, Design For Manufacturability and Quality (DFMQ) is applied by all
plants. ‘C ’ produces intermediate products that will later be needed to make end
products, hence manufacturability is not the main concern. In fact, the other
plants have just started to use this tool in the last five years. The efficacy is high
in all the plants. One of the managers of these plants asserts that manufacturability
will be the important technique in the future due to high labour cost.
Taguchi Methods (TM) are not used by the participating plants. This is probably
because application of this technique does not lead to short term benefits.

■ Customer Focus
As customers become more demanding, customer focus becomes critical for
future success. Tools in dealing with customers include Quality Function
Deployment (QFD) and Customer Survey.
Like Taguchi Methods, Quality Function Deployment (QFD) is not popular
among the plants in the case study. ‘D ’ applies its own version of QFD called
‘Application Knowledge’. This is the practice of incorporating the voice of the
customer into the product design and, in turn, into manufacturing of the product
in order to guarantee quality. It is an ongoing process of listening and re
listening to the customer. Most o f this plan’s products are designed through this
process.
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Customer Survey is appl ied by the medium plants only. One of the plants sends
an after-sale survey to every customer asking for opinion of satisfaction concerning
product, delivery, administration, etc compared with the best alternative supplier.
In both plants, the efficacy of customer survey is high. The large plant does not
sell products directly to customers, hence it has never applied this tool.
■ Process M anagem ent
Statistical Process Control (SPC) is the core of process management. As expected,
this technique is applied only by the large and medium plants. In these plants,
efficacy o f SPC is high. In cA ’, SPC is used in every stage of production. In CB 5,
SPC is used extensively to analyse process capability of critical machines. In CC’,
SPC used to be applied for safety, and recently also for process improvement.
C. Just-in-Tim e (JIT) Practices
These include set up time reduction (SUR), focused factory. Group Technology
(GT), pull production system, uniform work load, JIT scheduling, and Kanban.
Set up Time Reduction (SUR) is applied by plants which utilise equipment for
production and are concerned with producing mixed products. 4A’ uses this
technique extensively and has a progressive plan to reduce set up time of its
equipment, hence its efficacy is high. 4B’ is not as progressive as LA \ hence its
efficacy is moderate. SUR is applied in CE’, this is not the main concern, hence
its efficacy is little. SUR is not applicable in CC’ and ‘D ’, since 4C’ does not
produce mixed products and CD 5 does not operate equipment except for testing.
Focused factory is applied in cA ’ and 4B ’ by designing the factory layout to
minimise movement o f materials and people during production. The efficacy is
very high. This tool is not applicable in 4C’ and CE’ since the factory layout has
never changed, and also in CD ’ since this plant produces an enormous number of
products.
Group Technology (GT) is applied in CA ’ , 4B’ and CD \ Application of GT in ‘A ’
and ‘B’ is a result of the use of focused factory and assigns a group of people to
operate a group o f machines producing products similar in characteristics in one
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location. Application of GT in CD’ does not involve machines, but technicians
make products manually. The efficacy is high in all the plants.
Pull production system and, consequently, Kanban, are not used in any o f the
plants. Instead, they prefer the ‘make-to-stock’ approach.
Except *E\ uniform work load is applied by all plants. Uniform workload is
maintained as much as possible in lA5 and CB ’, while adjusting to actual sales
and production. A similar situation presents in CD ’, but this plant manages
uniform workload both among operators and from day to day. In CC’, it is a
consequence of the production process. Except in cA ’, efficacy o f this tool is high.
JIT scheduling is applied in 1A’ and lB’, mainly to accommodate external
demands. For internal demands, a reasonable amount of raw materials is still
maintained. Therefore, the efficacy is only moderate.
D. TPM Practices
These include Equipment Management and improvement by teams (TPM-EM),
Preventive Maintenance (TPM-PM), Autonomous Maintenance (TPM-AM),
Maintenance Prevention (MP), and Maintenance Management System (MMS).
Th qfirst two techniques are applied in all the plants except in CD’ (TPM practices
are not applicable in CD \ which does not operate equipment except test
equipment). No information about their application in CA’ and CB’ is available. In
‘C’, they are part of the process ownership program. In CD ’, they are applied by
relying on trades-persons instead of on participation o f all employees. However,
in general their efficacy is high.
It seems that application of TPM-EM and TPM-PM in the four plants does not
lead to effective application of TPM-AM. In fact, TPM-AM is not applied in 6B \
Efficacy o f TPM-AM in the remaining three plants in only moderate.
Moreover, Maintenance Prevention (MP) and Maintenance Management System
(MMS) are applied only in ‘A’. No information about their application is
available. As for to TPM-AM, efficacy of MP and MMS in this plant is only
moderate.
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9.4.4. Application o f Performance Measurement
This subsection analyses the application of performance measurement by the
plants in the case study, with respect to overall application and application by
each company. Table 9.9 summarises this analysis.
Overall, the large and medium plants record and monitor almost all
aspects of performances relating to quality, cost, delivery, flexibility, and human
resources, whenever applicable. On the other hand, the small plants are
concerned with monitoring several performance indicators. Moreover, having
limited resources, the small plants monitor performance in a more practical way
while avoiding too much paperwork.
All plants monitor performance relating to return of delivered products
and on-time delivery. This is an indication of these plants’ commitment to
customers. All plants also monitor performance relating to inventory turnover
and equipment availability. This is an indication of these plants’ commitment to
continuous improvement o f internal processes. None of the plants monitor
performance relating to space efficiency for various reasons, implying that this
indicator is not their main concern. Overall, performance measurement is
beneficial to the plants. It can be seen in Table 9.9 that efficacy of the majority
of performance indicators is moderate to very high.
The following paragraphs analyse the use of performance measurement by
each company. This is aimed at understanding the contextual factors influencing
the application and their contribution to improved company performance. Since
performance measurement is a consequence of the application of WCM practices,
it can only be assessed in the context of application of WCM practices.
Performance indicators in Table 9.9 can be divided into indicators of quality (1
and 2), cost (3 and 4), just-in-time (5, 6, 7, and 8), equipment effectiveness (10
and 11), and others (9, 12, 13, 14, and 15). These performance indicators result
from concurrent application o f WCM practices. For example, although quality
performance is directly caused by TQM practices, it is indirectly affected by
other practices (see Table Figure 3.2 and Table 3.6).
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M easurem ent

Power of Application

—

P

‘C’

‘ D’

‘E’

‘A’

‘ D’

VE’

5

4

‘C
3

5

4

2

5

5

4

4

3

4

3

3

3

4

3

n

3

3

3

5

4

2

4

3

3

4

4

3

4

4

3

‘A ’

1.

In process defects or rework

3

3

3

2.

Return of already-delivered products

3

3

3

3.

Manufacturing costs

3

3

3

4.

Maintenance costs

3

3

5.

Inventory turnover

3

2

3

6.

On-time delivery

3

3

3

7.

Lead time

8.

Cycle time

9.

Space efficiency

10. Equipment availability

3

3

11. Equipment performance efficiency

2

12. Labour productivity

3

3

3

3

3

2

2

4

3

2

3

3

5

4

3

13. Employee morale and motivation

3

3

2

14. Accident frequency

3

3

3

3

15. Capital investment efficiency

3

5

4

3
3

3
4

.

Notes: -Application: blank - Not applied; 1 - Applied in the last 0-2 years; 2 - Applied in the last 2-5 years; 3 - Applied more than 5 years.
-Power of Application: b la n k - Unknown; 1 —Not at all; 2 —Little; 3 -Moderate; 4 -Powerful; 5 - Very Powerful

Table 9.9: Application of Performance Measurement by Participating Plants

Start of Application

Perform ance

Company 'À \ a medium sized company with 195 employees, is very keen
about monitoring quality performance. Every product is tested with respect to
functionality using semi-automatic devices, and this information is documented
and periodically analysed to determine the causes of failure. Realising the
importance of equipment in assuring quality, this plant monitors availability and
performance o f its equipment in order to be more responsive to customers’
demand. Cost and just-in-time performances are also monitored to some extent.
The former is aimed at maintaining production cost at a reasonable level in order
to make the product more competitive. The latter is to maintain responsiveness
to customers’ demand, especially in delivering products on time, although this
responsiveness is achieved, to some extent, by keeping stocks o f both raw
materials and finished products. Other performance indicators are not really
monitored in this plant.
In company 'B \ a medium sized company with 50-99 staff, monitoring
quality performance is done by recording and analysing the causes of defects,
and providing counter-measures to avoid their occurrence. Since quality
performance depends, to some extent, on equipment (some of which is old),
availability and effectiveness of equipment are monitored continuously in order
to maintain quality and to meet the production schedule. Cost of production is
determined, to some extent, by defect (scrap) rates. Hence, cost performance in
monitored as part of the continuous improvement program aimed at reducing
scrap rates to a reasonable level (3% to 5%). Just-in-time performances are also
monitored to maintain responsiveness to customers’ demand, especially in
delivering products on time. As with company CA ’, this responsiveness is
achieved, to some extent, by keeping stocks of both raw materials and finished
products. Other performance indicators are not really monitored in this plant.
Company ‘C ’, a large company with 1100 employees, monitors only those
indicators which are ‘applicable’ to evaluate the progress of process improvement.
Monitoring quality performance is mainly concerned with reducing defect rates.
This is documented and analysed from time to time to find the causes and to
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reduce their occurrence. Returned products are relatively very low (under 1%),
hence the efficacy of monitoring is small. Cost performance is monitored
continuously to keep track of production costs over time. This is part of the
overall continuous improvement program. Just-in-time performances are
monitored to some extent. Monitoring of inventory turnover is applied to major
external supplies, and on time delivery of supplies is monitored to account for
potential material shortage. Equipment performance is monitored but not as
'KPT. Lastly, other performance indicators are not really monitored in this plant,
except for accident frequency.
Company 'D ’, a small sized company with 20-49 employees, monitors
performance over time in a more pragmatic way, but does not document it. In
process defects are monitored during production. Returned products are
monitored strictly using a serial number system Monitoring of manufacturing
costs is done by assessing their components (labour, material, and overhead
costs). Inventory7turnover is monitored by analysing yearly stock-take to
determine selling rate of each product and to plan the level of production for the
following year. On-time delivery is strictly monitored as part of this company’s
commitment to its customers and suppliers. Finally, (test) equipment availability
is monitored from time to time since it is the only equipment this plant has. Thus,
this plant is concerned with indicators relating to quality, cost, and delivery'
performance in order to improve internal processes and to satisfy customers.
Finally, company 'E \ a small sized company with 20-49 staff, monitors its
performance in a limited and realistic way. In-process defects are not monitored,
but return of products is monitored case by case, and is not documented. The
latter is aimed at maintaining customer satisfaction and, in some cases, it is
followed by replacing with a new product. Inventory turnover is monitored by its
accountant. Delivering products on-time is also strictly monitored case by case.
The top manager may issue over-time when some jobs lag behind. The
availability of active (running) machines is monitored continuously to allow on
time production.
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9.4.5. Linking Company Practices and Performance
This subsection attempts to link company practices and performance. Table 9.10
presents this relationship to a limited extent. This is developed by examining Table
9.8 and the discussion of application ofW CM practices elaborated previously.
The first column ot Table 9.10 contains company names and performance
(obtained from the mail survey). The second column identifies company practices
contributing to performance. These are the practices applied by the participating
plants which, according to the representatives of the plants, are ‘very powerful =
5’ or ‘powerful = 4 ’ in achieving manufacturing excellence. Performance
measurement is beneficial to all plants, and thus contributes to performance.
The third column suggests company practices that need to be improved.
These are the WCM practices which can potentially be applied by the
corresponding plants by considering the contextual factors elaborated in the
previous discussion. For example, companies ‘A ’ and ‘B ’ are urged to involve
more employees in problem solving and to apply SGIA, since problem solving in
these plants is mainly performed by QAT and management and SGIA is not
applied. On the other hand, mass-training of B7 and N7 is not suggested to small
plants, since this practice is not cost effective. It is believed that performance of
these plants can be further improved by the application of the suggested practices.
9.5.

Conclusion

This chapter has discussed the results of the mail survey and the case study, with
the discussion based on the Integrated Model developed in Chapters 3 and 4.
Two illustrations of the application o f the Integrated Model are also given. The
essence of this Model is to associate the application ofW CM practices
(combination of TQM, JIT and TPM) to performance. While the findings of the
mail survey are based on quantitative analysis and provide a clear link between
WCM practices and performance, this link is not so clear for the case study.
Instead, practices contributing to plant performance that need to be further
improved are identified. Finally, unlike the mail survey, the findings o f the case
study are very contextual in the sense that they depend largely on the individual
company situation, so that a general conclusion cannot be drawn.
217

Company

& Performance

Company ‘A ’
Quality: Am ong the best
Cost: Am ong the best
Delivery: Am ong the best
Flexibility: Above average

Company ‘B’
Quality: Above average
Cost: Average
Delivery: Average
Flexibility: Above average

Company ‘C ’
Quality: Above average
Cost: Among the best
Delivery: Above average
Flexibility: Above average

Company ‘D ’
Quality: Above average
Cost: Average
Delivery: Above average
Flexibility: Above average

Company ‘E ’
Quality: Above average
Cost: Below average
Delivery: Above average
Flexibility: Among the_best_

Practices Contributing to Performance
* Problem solving practices
■ Employee training ¿¿multi
skilling
■ Supplier relationships
■ Quality audits
■ Cross functional mgmt.

TQM practices (e.g. SPC)
JIT practices
TPM practices
Performance measurement
Level o f competition

Problem solving practices
Employee training ¿¿multi
skilling
Supplier certification
Workplace management
Poka-yoke & quality audits

Standardisation
Cross functional mgmt
Policy deployment
VIM

Employee training ¿¿multi
skilling
so ia "
Supplier evaluation
W o rk p Iace m an agem e n t
Policy deployment

VIM.
TQM practices (e.g. SPC')
TPM practices
Performance measurement
Level o f competition

PDGA ~~....
Employee training ¿¿multi
skilling
SOIA
Supplier relationships
Workplace management

Standardisation
TQM practices (FMEA,
DFMQ, QFD)
JIT practices (e.g. uniform
workload)
Performance measurement

PO C A

Preventive maintenance
Per form an ce in eas urem e nt

~

Employee training ¿¿multi
skilling
Housekeeping
VIM
DMFQ

TQM, JIT and TPM practices
Perfor ma nee measu remen t

■ Involve more employees in
■ Deploy quality policy
problem solving
■ Promote VA/VE practice
" Mass-training in quality tools ■ Promote product design
practices
■ Promote SGIA
■ Develop local suppliers
■ Promote other JIT practices
■ Promote workplace mgmt.
■ Promote other TPM practices
■ Promote process standardisation __
■ Involve more employees in
* Promote product design
practices
problem solving
■ Mass-training in quality tools * Promote other JIT practices
■ Promote SGIA
■ Promote other TPM practices
■ Promote VA/VE practice.
* Promote benchmarking
Involve more employees in
problem solving
Promote N7 tools and PDCA
Develop supplier relationships
Promote poka-yoke
Promote standardisation
Promote B7 and N7
Involve employees in problem
solving
Promote reduction of suppliers
and distance
Promote process standardisalior
and audits...................
Promote B7 and N7
Involve employees in problem
solving
Promote SGIA
Promote process standardisatior
and audits
Promote policy deployment___

■ Promote cross functional
management
■ Promote other TQM practices
■ Promote other JIT practices
■ Promote other TPM practices

Promote cross functional
management
Promote VA/VE
Promote SPC for process
improvement

Promote cross functional
management
Promote VA/VE
Promote SPC for process
improvement
Involve more employees in
.eamnincnLttiai ntenan.ee___

Table 9.10: Practices Contributing to Com pany Performance and to be Im proved

Practices Need to be Im proved

Chapter 10
Summary and Contributions of the Present Study

10.1. Summary
The present study develops an integrated model combining TQM, JIT and TPM.
On the basis of an exhaustive literature survey, this model proposes a series o f 38
WCM practices, 15 indicators o f manufacturing performance, and 4 indicators of
business performance, in addition to guidelines for implementing the model and
accelerating the achievement o f improved performance. They constitute a new
perspective in achieving manufacturing excellence.
The WCM practices are classified into four groups: Infrastructure, TQM,
JIT and TPM. Infrastructure practices are tools and techniques which support the
effectiveness of the core practices (TQM, JIT and TPM). Implementation of
Infrastructure practices is aimed indirectly at improving all measures of company
performance. The core practices are necessary to attain specific dimensions of
performance, e.g. TQM practices aim at improving quality performance.
Concurrent application o f all core practices may result in the achievement o f the
complementary goals of improved quality, reduced cost, and improved delivery
and flexibility.
Business and manufacturing performances are indicators measuring the
effectiveness o f WCM practices. While assessment of business performance is
mostly as perceived by customers, manufacturing performance can be measured
according to a specified standard. Using these indicators, the mail survey
requests respondents to compare their company performance with that of their
competitors.
In examining the validity o f the Integrated Model and answering the
research questions raised in Chapter 1, the present study develops twelve
hypotheses pertaining to:
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■

Explaining performance differentials among plants adopting and not
adopting TQM, and/or JIT, and/or TPM (Primary Hypotheses);

■

Guidelines for implementing the Integrated Model (First 'Secondary ’
Hypotheses); and

■

The existence of synergy in application of WCM practices (Second
'Secondary>’ Hypotheses).
In order to validate these hypotheses, a mail survey was conducted on a

national basis by distributing a questionnaire to manufacturing companies in
Australia. This was aimed at collecting information regarding the implementation
of TQM, JIT and TPM, application o f WCM practices, and application of
performance measurement. Furthermore, the present study organised a follow
up information gathering (case study) aimed at obtaining more detailed
information on how and why these practices were applied in the plants. While
the information gained from the case study was not utilised to confirm the
hypotheses, it was useful to understand the contextual factors behind the
application of the practices. The following paragraphs summarise the results o f
testing the hypotheses:

■ Explaining Performance Differentials
1. Plants implementing TQM\ JIT or TPM outperform those which do not
implement any o f them. While this result agrees with the previous studies,
the Integrated Model attempts to investigate further the causes of the
performance differentials by investigating application of practices and
performance measurement.
2. Plants implementing all three methods concurrently outperform those which
implement only one or two o f the methods; and there is no difference in
performance among plants using either one or frvo o f the methods.

As

argued earlier, the main reason for the latter is that plants using two of the
methods are still experimenting with combined methods. In other words,
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while using the three methods concurrently leads to excellent performance, it
takes time to reap the full benefits.
3. In addition to implementing the three methods concurrently, plants which
establish performance targets perform better compared with those M’hich
do not. However, there is insufficient evidence to claim that involving
employees in target setting has an effect on performance.
Although these findings are apparently convincing, the interpretation of
adopting TQM, JIT and TPM may be different among the respondents, or
between the respondents and this study. To resolve this problem, performance
differentials will further be assessed based on grouping plants according to
application of a set of certain core practices adequately or inadequately, given
adequate application of Infrastructure practices. The hypotheses pertaining to the
existence of synergy attempt to address this matter.

■ Guidelines fo r Implementing Integrated Model
An examination of hypotheses on this issue is based on the Manufacturing
Technology General Framework.
4. It is confirmed that: (a) Plant size is associated with preference fo r TQM
and TPM but not fo r JIT:; (b) Manufacturing process is associated with JIT
but not with TQM and TPM; (c) Finished product and manufacturing
strategy fo c u s are independent ofpreference fo r TQM, JIT and TPM. A
strong relationship between a certain characteristic and preference for TQM,
JIT and TPM may logically result in better performance. Although companies
do not have equal opportunities for adopting the three methods concurrently,
they may benefit from applying certain practices from each method. For
example, set up time reduction is one of the JIT practices that can be applied
by any company.
5. There is insufficient evidence to claim that the motives fo r implementing an
improvement method (customer requirement, competitive pressure and
internal company policy) are associated with preference fo r TQM, JIT and
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TPM.

Although these three motives impel companies to improve their

performance, they do not imply preference for selecting a certain method.
6. Plants adopting TQM, JIT and TPM have higher levels o f application o f
practices in all groups (Infrastructure, TQM, JIT and TPM) than those
which do not. In turn, there is positive correlation between the extent o f
application o f practices and the level o f performance. These findings imply
that the adoption o f TQM, JIT and TPM may lead to better performance
only when it is follow ed by application o f the accompanying practices ’.
7. The duration o f implementing TQM, JIT and TPM is not related to the level o f
performance. This result is unexpected. Perhaps the proposed categories of
duration are too short to allow difference in performance to be detected
adequately. As argued earlier, it takes time to gain the full benefits from
implementing these methods.

■ Existence o f Synergy in Application o f WCM Practices
The existence of synergy implies that concurrent application of sets of practices
(Infrastructure, TQM, JIT and TPM) brings about better performance than
exclusive application. Since Infrastructure practices are the backbone of the
integrated model, it is important to examine their association with performance.
8. The extent o f application o f Infrastructure practices is positively related to
the level o f performance. This finding is in accordance with Table 3.6:
‘Infrastructure practices indirectly influence all indicators of manufacturing
and business performance’. However, more benefits may be attained when
they are combined with application of the core practices.
9. Plants applying one set o f core practices (TQM, JIT or TPM) adequately
outperform those which do not, given adequate use o f Infrastructure
practices.
10. Synergy in concurrent application o f Infrastructure and combined core
practices is confirmed: pla n ts applying all the three core practices
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adequately outperform those which apply one or two set(s) o f the core
practices adequately, given adequate use o f Infrastructure practices.
The existence of synergy in use of practices is a new contribution of the
present study in the area of production management. The integrated model is the
tirst model combining TQM, JIT and TPM, and is equipped with a set of practices
as well as indicators o f its achievement. The results of testing these hypotheses
are consistent with the primary hypotheses. In other words, the integrated model,
which includes the practices and indicators of its achievement, is valid.

■

The Findings o f the Case Studies

11. The contextual fa cto rs do indeed influence implementation o f TQM, JIT
and TPM, and also application o f some corresponding practices. For
example, use of quality related tools involves more employees in company ‘C ’
(the large plant). In the medium plants ( 'A ' and 'B ’), these practices are
mainly applied by QAT and management. In the small plants ( ‘D ’ and *E’),
no training of these tools is given, but the PDCA cycle is practiced using their
own methods with good return. Moreover, while all other plants attempt to
reduce the number of suppliers for economic reasons, the large plant seeks
alternative suppliers also for economic reasons. In fact, a small number of
suppliers has led this plant to carry a large inventory of materials.
12. The J IT system is in fa c t the most difficult to implement totally. In particular,
the pull production system and Kanban, the core of the JIT practices, are the
most difficult techniques to be applied by the participating plants. This is
despite the fact that some of the JIT practices are applied successfully (e.g. set
up time reduction).
13. Application o f Infrastructure practices is the most frequent. Some (such as
PDCA/ SDCA, employee training, multi-skilling, total supplier evaluation,
housekeeping (and 5S to some extent), standardisation, and policy deployment)
are applied by all the participating companies. This denotes, to some extent,
awareness of the importance of continuous improvement. Unfortunately, even
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after nearly two decades of the Quality campaign in this country, application
of quality tools (B7 and N7) has not been widespread, especially for small
sized companies.
14. A d o p tio n o f T O M a n d T P M b y th e p a r tic ip a tin g p la n ts d o e s n o t n e c e s s a r ily
im p ly a p p lic a tio n o f a ll th e c o r r e s p o n d in g p r a c tic e s .

Product design

practices, except DFMQ, are used to a limited extent. TPM-EM and TPMPM are the only TPM techniques which are usually practiced.
15. A p p lic a tio n o f p e r fo r m a n c e m e a s u r e m e n t is b e n e fic ia l to a ll p la n ts . To
some extent, commitment to customers is evidenced by the monitoring of
returned products and on-time delivery7by all plants. Commitment to
continuous process improvement is indicated by the monitoring of inventor}7
turnover and equipment availability.
While the results of testing the hypotheses are based on data obtained from
the mail survey, and hence, can be generalised at least for the target population,
the findings of the case studies can only be utilised to understand the contextual
factors of the implementation.
10.2. Contributions o f the Present Study
1. This study provides new insights towards achieving manufacturing excellence
and makes new contributions to manufacturing engineering literature. As
explained previously, the Integrated Model incorporates several models aimed
at providing guidelines in attaining superior performance in manufacturing.
The Integrated Model can be simplified as follows:
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2. The present study is the first in-depth empirical research investigating the
impact of concurrent implementation of TQM, JIT and TPM on improvement
in company performance. While previous researches link the implementation
of individual methods and company performance, some without specifying its
corresponding techniques, the present study classifies clearly the practices of
the integrated Model into Common Infrastructure, TQM, JIT and TPM.
Accordingly, the contribution of each group of practices to improvement in
performance can be assessed by, for example, applying a regression analysis.
3. The results of this study propound the importance of integrating TQM, JIT and
TPM, whenever applicable (in accordance with the contextual factors of the
company), in order to attain superior performance in manufacturing. Increased
global competition and customer requirements compel companies to extend
the basis o f competition covering not only perfect quality, but also competitive
cost, on-time delivery and flexibility. The theoretical perspective of the
Integrated Model presented in Chapter 3 demonstrates that the complementary
goals can be realised by concurrent implementation of TQM, JIT and TPM.
Moreover, the results of this study confirm the validity of this argument
empirically, providing adequate application of the corresponding practices and
application of performance measurement.
4. The results of this study confirm the existence of synergy in concurrent
application of WCM practices. No previous research has validated this issue
empirically. This suggests that manufacturers should apply as many WCM
practices as possible, whenever applicable, in order to be competitive in the
world market. This is particularly valid for the Infrastructure practices. As
confirmed earlier that the extent of application of Infrastructure practices is
positively related to the level of performance. Moreover, manufacturing
performance may be improved further when the infrastructure practices are
applied simultaneously with the core practices. It is also confirmed that plants
applying one set of core practices (TQM, JIT or TPM) adequately outperform
those which do not, given adequate use of Infrastructure practices, and that
plants applying all the three core practices adequately outperform those which
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apply one or two set(s) o f the core practices adequately, given adequate use of
Infrastructure practices.
5. The application of the mathematical model has successfully identified WCM
practices which should be accelerated in order to speed up improvement in
manufacturing performance. It is demonstrated in the previous chapter that
expanding employee training in the practices contributing to effectiveness
(e.g. B7, N7, and other quality-related techniques) may accelerate capability of
employees in ‘doing the right things’ by 60%. As argued earlier, peoplerelated performance is very useful in maintaining and sustaining continuous
improvement, and may potentially lead to increased performance vis a vis
efficiency and adaptability.
10.1. Limitations and Recommendations fo r Further Study
The present study is not without shortcomings. To resolve these limitations,
further research is recommended:
1. As explained in Chapter 4, relationships between implementation of
improvement strategies (TQM, JIT and TPM) and performance as well as
between application of WCM practices and performance needs to be
investigated using Multivariate Analysis (e.g. Canonical correlation).
Applying this analysis, the relative contribution of each independent variable
to each dependent variable can be assessed. However, although the
percentage of returned questionnaires is quite high (25% or 85 out of 344),
this number is not high enough for such an analysis. Instead, this study
applies simple statistical methods (t-test, Chi-Square test, and linear
regression). As seen in Chapter 8, the examination of performance
differentials is performed by comparing performance scores between plants
implementing and not implementing TQM, JIT and TPM, using the t-test.
This implies that the relative contribution of each WCM practices to
performance cannot be determined by this study. Therefore, further research
utilising a larger volume o f data is recommended.
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2. Unlike the mail survey, the information collected from the case study cannot
be utilised to evaluate the hypotheses. Instead, it is used only to support or
add information to the findings of the mail survey when ‘how’ and ‘why’
issues arise. This case study is not a ‘real’ case study as defined by Yin
(1989). It was conducted only once, in a short time (three hours), and
involved only one representative of the plant. Thus, it is dangerous to draw
general conclusions based on this information. Moreover, the selection of
plants included in the case study is somewhat arbitrary in the sense that this
study cannot choose the ones that have implemented TQM, JIT and TPM, and
hence, make a comparative analysis about them. A similar research inviting
companies which have implemented these methods concurrently is
recommended.
3. The major findings o f this study are mainly based on the validation of the
hypotheses using data from the mail survey. One major deficiency of this
kind of data is the inability to relate the results to the contextual factors of the
company. For example, as with the examination of performance differentials,
the hypotheses regarding the existence of synergy are verified by comparing
application score of practices with performance score, assuming that the
higher the application score, the higher the performance. The result of the
case study reveals that not every WCM practice is applicable for all
companies due to contextual factors (e.g. Customer Survey is not applicable
for CC’ since this company does not deal directly with customers). While the
findings o f the case study are more realistic than the mail survey, their power
of generalisation is little. Thus, a further study considering these factors
(combining the strength of a mail survey in generalising the findings and the
ability of a case study in relating the findings to the contextual factors) is
necessary.
Nevertheless, it is claimed that the present study has contributed
significantly to manufacturing engineering literature, and laid a meaningful
foundation for further research on concurrent implementation of TQM, JIT and
TPM outside Japan, particularly in Australia.
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APPENDIX A:
Mail Survey Questionnaire

Survey on Achieving Manufacturing Excellence
University of Wollongong
Department of Mechanical Engineering
1- Introduction
This survey is part of a PhD study in Manufacturing Engineering by
Mr. Lukman Sukarm a, under the supervision of Prof. G. Arndt,
Departm ent of M echanical Engineering, University of W ollongong.
T h e goal is to investigate the relationship between the use of world
class manufacturing techniques and the resulting performance,
besides developing guidance for im plementing and measuring
com panies1 perform ance in achieving m anufacturing excellence.

2. Benefits of the study to your company
This study will develop a down-to-earth model fo r implementing and
m easuring company efforts in achieving manufacturing excellence.
If you are interested in obtaining the results and comparing your
company's perform ance with others, please tick the box at Question
26 in the questionnaire.

3. Confidentiality
Your reply will be kept com pletely confidential and anonymous.

4. Filling in the questionnaire
This questionnaire seeks information of one plant, not the whole
company. It is aim ed at the plant or production m anager. If your firm
has more than one plant, please arrange to send copies of the
questionnaire to each plant. Recognising the respondent's valuable
time, this questionnaire will require not m ore than twenty minutes to
complete. Most of the questions are multiple-choice.

5. Follow-up interviews
It is also planned to have some in-depth case studies by way of
visiting plants and interviewing the appropriate persons. Your
willingness to be included in the case study will be very much
appreciated. For this purpose, please tick the box at Question 27 in
the questionnaire.

6. Contact person
P lease return the completed questionnaire in the self-addressed
envelope enclosed to:

Lukman Sukarma,
Department of Mechanical Engineering,
University of Wollongong,
Northfields Avenue, WOLLONGONG, NSW 2522
Should you have any queries, please do not hesitate to contact him at:

Phone
: (02) 4221 4923 or (02) 4221 3062
Facsimile : (02)4221 3101
E-mail
: Is08@uow.edu.au

A. G e n e r a l P la n t/s ite In fo rm a tio n

1. Plant/site size
a.

How many employees do you have in your plant?
Please tick one
[ ] Less than 20
[ ] Between 5 0 - 9 9
[ ] Between 200 - 499

[
f
[

] Between 2 0 - 4 9
] Between 1 0 0 - 1 9 9
] Greater than 500

b. What percentage of the employees are engaged in
production?
.................

%

c. What is the approximate annual turnover of this plant?
Please tick one
[
] Less than $5 m illion
[
] Between $10 - $20 m illion
[
] Between $50-$ 100 million

[
[
[

] Between $5 - $10 million
] Between $20-$50 million
] Over $100 million

2. When was your plant established?
3. What is the type of this plant?

..........................

Please tick one or more
[ ] Independent (does not have any connection with another firm)
[
] Subsidiary
[ ] Branch
[ ] M ulti-national company
[ ] Government-owned
[
] Others, please specify ........................................................................

4. What are three main final products of this plant?
Products
ANZSIC Number
1 ..............................................................................................................................................................................................................

2 ..............................................................
J.

. . . ................................................................................... .

.....................................

5. What is the predominant mode of manufacturing of this plant?
Please tick one
[ ] Project
[ ] Batch
[ ] Continuous

[
[

] Job-shop
] Production lines

6. What is the main type of production approach of this plant?
Please tick one or more
[ ] Design to order
[
] Make to order
[ ] Make to stock

[
[

] Engineer to order
] Assemble to order

7. What types of organisation buy the products of this plant?
Please tick one or more
[ ] W holesalers
[ ] Retailers
[
] Households
[ ] Other firm s within the group
[ ] Outside firms
[ ] Others, please s p e cify:.........................................................................
8. W hat is the focus of the m anufacturing strategy of this plant?
Please tick one or more
[
] Product
[ ] Process
[
] Market
[
] Service
[ ] Others, please specify ..........................................................................

A-

2

B.

T h e s ta te o f th e im p le m e n ta tio n o f im p ro v e m e n t p ro g ra m s

9. Has this plant implemented the following human-oriented
improvement programs?

Improvement programs

Duration of implementation
(Please tick)
>5
Plan to
Never up to 2 2 - 5
years years years implement

Total Q uality Management, an approach
to achieve customer satisfaction through
the creation of product quality, full
involvement o f the entire workforce and a
focus on continuous improvement
Just-in-Tim e M anufacturing: an approach
to enhance product competitiveness by
minimising waste in manufacturing
Total P roductive Maintenance: an
approach to maximise the effectiveness of
equipment throughout its entire life
Flexible m anufacturing system s: a series
of computer-controlled work-stations to
handle machines automatically
Theory o f C onstraints: an approach to
improve throughput and profit through
focusing on the constraint or core problem
M anufacturing Resource Planning:
a detailed planning process of materials
and components using computer software
C om puter Integrated M anufacturing:
total integration of manufacturing activities
by means of computer systems

10. What are the main motives for this plant’s implementation of
the improvement programs?
Please, tick one or more
[
[
[

] Customer requirements
] Empioyees/union
3 Parent company

[ ] Competitive pressures
[ } Government
[ ] Internal company policy

11. If ‘INTERNAL COMPANY POLICY’ is selected in the previous
question, what factors influence this choice?
Please, tick one or more
[
[
[

] Product requirement
[ 3 Process requirement
] Production system requirement
3 Others, please specify .........................................................................

A-

3

C. A p p lic a tio n o f T e c h n iq u e s a n d T h e ir B e n e fits
12. If the applicability of a tool or technique is defined as the
frequency of its usage; and effectiveness is defined as the extent
to which its implementation achieves the strategic objectives of a
business unit (in terms of improving quality, reducing cost,
improving delivery performance, and improving flexibility), please
estimate the applicability and effectiveness of the following
techniques in your plant.
Applicability: 1 Always 2 Most of the time 3 Moderately 4 Sometimes 5 Never
Effective ness: 1 Very high 2 High
3 Moderate
4 Little
5 Nil

Tools and Techniques

A p p lic a b ility

E ffectiveness

(circle number)

(circle number)

Always..... Never Very high.... Nil

1. B7 — basic tools o f quality control
(check-sheets, cause-and-effect diagrams,
histograms, Pareto analysis, scatter diagrams,
control charts, graphs and flow-charts)

1 2 3 4 5

1 2 3 4 5

2. N7 — advanced tools of Quality control
(relations diagrams, tree diagrams, matrix
diagrams, arrow diagrams, matrix data
analysis diagrams, affinity diagrams, PDPC Process Decision Program Chart)

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4

1 2 3 4 5

1 2 3 4 5

5. Multi-skilled employees

1 2 3 4 5

1 2 3 4 5

6. Small group improvement activities

1 2 3 4 5

1 2 3 4 5

3. Plan-Do-Check-Act. a methodology for
continuous improvement____________
4. Employee training

5

7. Poka-voke: an approach for making processes
fail-safe using automatic devices____________
8. Supplier Quality certification

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

9. Reduction o f number o f suppliers & distances

1 2 3 4 5

1 2 3 4 5

IQ.Lonqr term supplier contracts

1 2 3 4 5

1 2 3 4 5

11. Total supplier evaluation based on combination
1 2 3
o f quality, cost, delivery and flexibility_______
12.5S and house-keeping: managing a workplace
1 2 3
by means of 5S: organisation, tidiness, purity,
cleanliness and discipline__________________
13.Job enlarpement/ enrichment
1 2 3
14. Quality audits
1 2 3
15.Standardisation o f parts, products and
1 2 3
processes________________________
16. Cross-functional management
interdepartmental coordination to realise
1 2 3
organisational goals_________________

4 5

1 2 3 4 5

4 5

1 2 3 4 5

4 5

1 2 3 4 5

4 5

1 2 3 4 5

4 5

1 2 3 4 5

4 5

1 2 3 4 5
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17. Policy deployment a process of deplovina
policies through line and cross-functional
management.

1 2 3 4 5

1 2 3 4 5

18. Visible Improvement Manaaement usina a
simple & visual noticeboard

1 2 3 4 5

1 2 3 4 5

19. Benchmarking, a tool forcom parinq a firm ’s
internal performance to external standards of
excellence

1 2 3 4 5

1 2 3 4 5

20. Value analysis / value enoineerina: a desian
tool for assessing a component of a product
in a most economic way without degrading its
quality

1 2 3 4 5

1 2 3 4 5

21. Failure mode and effect analysis: a desian
tool to identify all possible failures, estimate
their effect and seriousness, and recommend
corrective actions

1 2 3 4 5

1 2 3 4 5

22. Desian for manufacturability and Quality, a
process o f designing a product for efficient
production at the highest level of quality

1 2 3 4 5

1 2 3 4 5

23. Taauchi Methods: a ohilosoDhv of qualitv
engineering that employs experimental design
in the design process

1 2 3 4 5

1 2 3 4 5

24. Qualitv Function Deployment, a method of
matching the needs of the customer to the
features o f the product

1 2 3 4 5

1 2 3 4 5

25. Customer survey

1 2 3 4 5

1 2 3 4 5

26. Statistical Process Control (SPC)

1 2 3 4 5

1 2

27. Set up time reduction

1 2 3 4 5

1 2 3 4 5

28. Focused factory, solittina a plant that produces
all products in one location into several
specialised smaller plants

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

29. Group Technoloay. qroupinq parts or products
with sim ilar characteristics into families and
assigning groups of machines for their
production
30. Pull production system: a mechanism where a
succeeding process withdraws parts from the
preceding process at the same rate as it has
consumed them
31 .Uniform workload
32. Just-in-Time schedulina: alt processes produce
the necessary parts at the necessary time and
have stocks only sufficient to hold the
processes toaether
33.Kanban: a communication tool in the JIT
production system
34. Eauioment manaaement and improvement by
teams

3 4 5

A-
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35.Preventive Maintenance (PM): conductina
inspections, cleaning, lubrication, and minor
1
_ adjustments to Drevent machine failure
36.Autonomous Maintenance (AM): creatina and
organising operators’ involvement in the care
1
and maintenance of eauiDment
37. Maintenance Prevention (MP): desian activities
carried out in the planning and construction o f 1
a new equipment to maintain high degree of
effectiveness durina its entire life cvcle
38.Maintenance Manaoement System: a tool to
keep track o f who is doing what tasks, on what 1
__ equipment, with what parts, and at what cost

2 3 4 5

1 2 3 4 5

2 3 4 5

1 2 3 4 5

2 3 4 5

1 2 3 4 5

2 3 4 5

1 2 3 4 5

13. Please indicate any other techniques which are applied in your plant and
contribute to improving manufacturing performance, and rate their
applicability and effectiveness
Applicability: 1 Always
2 Most of the time 3 Moderately 4 Sometimes 5 Never
Effectiveness: 1 Very high 2 High
3 Moderate
4 Little
5 Nil
A p p lica b ility
T o o ls a n d T e c h n iq u e s

Effectiveness

(circle number) (circle number)
Always......Never Very hiqh.....Nil
12 3 4 5
12 3 4 5
1 2 3 4 5

...1.2.3.4

5

1 2 3 4

5

1 2 3 4
1 2 3 4

5
5

.1 2 . 3 . 4 5

14. Please estimate the level of manufacturing performance of
your plant compared with competitors:
1 Among the best
4 Below average

2 Above average
5 Among the worst

3 Average
6 Not applicable

Please circle num ber
Among ..
.... Among
Not
the b e s t...
... the worst Applicable
1
2
3
4
5
6
In process defects or rework
1
4
5
2
3
6
Returns of already-delivered products
1
2
3
4
5
6
Manufacturing costs
1
3
4
2
5
6
Maintenance costs
2
3
4
5
1
6
Inventory turnover
2
3
4
5
6
1
On-time delivery
3
4
5
6
1
2
Lead time
3
4
5
2
6
1
Cycle time
3
4
5
2
6
1
Space efficiency
5
2
3
4
6
1
Equipment availability
4
6
3
5
1
2
Equipment performance efficiency
3
4
5
6
2
1
Labour productivity
3
6
2
4
5
1
Employee morale and motivation
3
4
5
6
2
1
Accident frequency
3
4
5
2
1
6
Capital investment efficiency

M anufacturing Performance
(the achievement of resources which
can be measured directly by operators)
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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15. Please estimate the level of business performance of your
plant compared with competitors:
1 Among the best
4 Below average

2 Above average
5 Among the worst

Business Performance
(production system performance which
can only be perceivable o r measurable
by customers or the business unit)

3 Average
6 Not applicable
Please c irc le num ber

Among ..
the b e s t...

Not
... Among
the worst applicable

• Level o f overall quality

1

2

3

4

5

6

• Level of manufacturing cost

1

2

3

4

5

6

• Level of delivery performance

1

2

3

4

5

6

• Level of flexibility

1

2

3

4

5

6

• Level of overall company image

1

2

3

4

5

6

D . P e rfo rm a n c e M e a s u re m e n t S y stem s

16. Does your plant, or any divisions, set performance
improvement targets?
Please, tick one
l
[

3 Yes
] No, go to Question 21

17. Who sets the performance improvement targets?
Please, tick one
[
] Only managers
[ 3Managers and employees together
[
] Mostly employees

[

3 Mostly managers

[

3 Only employees

18. Is the setting of targets written down in a formal way?
Please, tick one
E
3 Yes
[
1 No

19. Is the setting of improvement targets done regularly?
Please, tick one or more
l
[
[

3 No
j Yes, every................ Month (s)
3 Yes, when som ething................................ happened

20. Which of the following factors mostly influence the setting of
targets?
Please, tick one or more
[
[
[

] Customers
] Internal company policy
3 Labour unions

[
[
[

3Competition
] Government
3Others, please specify:

A-
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21. Which of the following references are applied to evaluate the
progress of your plant’s manufacturing operations?
Please, tick one or more
[
] Global best practices
[ ] National/loca!
best practices
[
] Direct com petitors
[ ] Internalpractices (e.g. trend data)
[
] The performance targets
[
] Others, please specify ..........................................................................
22. In order to be able to compete in the current market, please rank the
following business performance measures in order of importance
Rank 1 for the most important until 4 for the least important
[
] Improved quality
[
] Reduced cost
[
] Improved delivery performance
[
] Improved flexibility
23. In order to be able to compete in the future market, please rank the
following business performance measures in order of importance
Rank 1 for the most important until 4 for the least important
[
] Improved quality
[
] Reduced cost
[
] Improved delivery performance
[
] Improved flexibility

24. Are the following characteristics of performance measurement
employed in your plant? (P le a s e tic k )
C h a ra c te ris tic s o f p e rfo rm a n c e m e a s u re s
•
•
•
•
•
•
•
•
•
•

Do n o t
know

Yes No

Have a direct relationship with manufacturing strategy
Primarily used non-financia! rather than financial measures
Financial measures are utilised mostly for external purposes
Non-financial measures are utilised to control operations
Non-financia! measures include monitoring quality, delivery
reliability, inventory, lead time, and flexibility
Are represented in a simple way (e.g. charts, graphs)
Change over time as needs change
Are intended to foster rather than just monitor improvement
Operators collect the performance data
Evaluation of performance is mainly based on the group, not
the individual

i
i
!

25. Are you satisfied with the current performance of your plant?
Please, tick one
[
] Completely satisfied
[
] Neither satisfied nor dissatisfied
[
] Dissatisfied

[

] Satisfied

[

] Completely dissatisfied]

26. Are you interested in obtaining the results of the study?
Please, tick one
[
] Yes

[

] No

27. Would your plant be prepared to be included in the case study?
Please, tick one
[
] Yes

[

] No

T h a n k y o u f o r y o u r c o o p e r a tio n !!!
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APPENDIX B:
Case Study Guidelines

Survey on Achieving Manufacturing Excellence
(Case Study Guidelines)
University of Wollongong
Department of Mechanical Engineering
1. Introduction
This case study is a follow-up survey activity following a mail survey
conducted two months ago. It is a part of a PhD study in Manufacturing
Engineering by Mr Lukman Sukarma, under the supervision o f Prof G. Arndt,
Department of Mechanical Engineering, University of Wollongong. The
primary goal o f this activity is to find more detailed information on how
Australian manufacturers apply world class manufacturing techniques in their
effort to improve performance to achieve excellence in manufacturing.
2. Benefits of the study to your company
This study will develop a down-to-earth model for implementing and
measuring company efforts in achieving manufacturing excellence. To
develop such a model, your involvement in providing necessary information
required by this study is very much appreciated.
3. Confidentiality
Your reply will be kept completely confidential and anonymous.
4. The conduct of the case study
This case study seeks information of one plant, not the whole company. It is
primarily aimed at the plant or production manager. However, several matters
require the involvement o f other managers in the company. The case study is
carried out through the following steps::
■ The candidate prepares case study guidelines;
■ The company assigns a contact person and sets a date for discussion;
■ The candidate visits plant for discussions and a plant tour (approx. 3 hrs?);
■ The candidate prepares a case study report;
■ The report is sent to the company for approval;
■ Further discussion, if required, is carried out to complete the study.
5. Contact person
Please return the completed appointment form in the self-addressed envelope
enclosed to:
Lukman Sukarma (PhD Candidate),
Department of Mechanical Engineering,
University of Wollongong,
Northfields Avenue, WOLLONGONG, NSW 2522
Should you have any queries, please do not hesitate to contact him at:
Phone
Facsimile
E-mail

: (02) 4221 4923
: (02) 4221 3101
: ls08@uow.edu.au

B-

1

I. G eneral Inform ation
1. Characteristics of Production
• Percentage of company (business unit)’s sales produced by type of
manufacturing process (the total should be 100%):
1. Project:
...... .......... %
2. Job shop:
.
...........%
3. Batch:
..... .......... %
4. Production lines:
........ ...........%
5. Continuous (flow process): ......... .......... %
• Percentage of company (business unites sales produced by type of production
approach (the total should be 100%):
l. Design to order:
........ .......... %
2. Engineer to order:
......... .......... %
3. Make to order:
......... .......... %
4. Assemble to order:
......... .......... %
5. Make to stock:
......... .......... %
• Percentage of company (business unit)’s sales produced by type of
manufacturing operation (the total should be 100%):
1. Manual:
......... ......... %
2. Semi-automatic:
......... .......... %
3. Full-automatic:
......... ......... %
2. Sales and Out-sourcing
• Percentage of company (business unit)’s sales produced by type of sales
destination (the total should be 100%):
1. Domestic:
......... ......... %
2. Export:
%
• Percentage of company (business unit)’s production cost spent on out-sourcing
(products and services):
.....................%
• Percentage of out-sourcing spent on (the total should be 100%):
1. Raw materials:
%
2. Semi-finished products:
%
3. Finished products:
%
3. Implementation of TQM, JIT, and TPM
■ Does this plant implement TQM?
□ Yes
□ No
■ Reasons for implementing / not implementing TQM:

■ Does this plant implement JIT?
□ Yes
□ No
“ Reasons for implementing / not implementing JIT:
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Does this plant implement TPM?
□ Yes
□ No
Reasons for implementing / not implementing TPM:

II. Application of WCM Tools and Techniques
This part of case study concerns with obtaining information on how the company apply
world class manufacturing techniques to achieve excellence in manufacturing. Please
prepare the answer to these questions before discussion taken place during company
visit by the candidate. The candidate will questions on ask each of 38 world class
manufacturing techniques with the format as follows:
Has this plant applied thefollowing techniques?
a- ^ no>go to the next item. But, please give reasons for not applying it (e.g. not
applicable, lack of resources, etc.):

b. If yes,
i.

When this plant start applying this technique?
□ up to 2 years
□ 2-5 years ago
□ more than 5 years ago

ii.

Why this plant applies this technique?

iii.

iv.

What are the problems of its implementation?

Do you think this technique powerful in achieving manufacturing excellence?
□ Very powerful
□ Powerful
□ Moderate
□ Little
□ Not at all

B-
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Has this plant applied these
techniques?

I f n o , g o to t h e n e x t ite m , b u t p le a s e

I f yes, w hen

H ow and

g iv e th e re a s o n s f o r n o t a p p ly in g it

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is t e c h n iq u e

( e .g . n o t a p p l i c a b l e )

it (y e a rs)

1. B 7 — b a s i c t o o l s o f q u a l i t y c o n t r o l
( c h e c k - s h e e ts , c a u s e - a n d - e f f e c t
d ia g r a m s , h is to g r a m s , P a r e to
a n a ly s is , s c a tt e r d ia g r a m s , c o n tr o l
c h a r ts , g r a p h s a n d f lo w - c h a r t s )

□

0 -2

□

2 -5

□

>5

W h a t a re th e p r o b le m s o f

P ow er o f

im p le m e n ta tio n

a p p lic a tio n

□ v e ry p o w e rfu l
D p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all

2. N 7 — a d v a n c e d t o o l s o f q u a l i t y
c o n t r o l f r e la tio n s d ia g r a m s , tr e e

d ia g r a m s , m a tr ix d ia g r a m s , a r r o w
d ia g r a m s , m a tr ix d a ta a n a ly s is
d ia g r a m s , a f f in ity d ia g r a m s , P D P C

□

0 -2

□

2 -5

□

>5

U p o w e rfu l

- P r o c e s s D e c is io n P r o g r a m C h a r t)

im p ro v e m e n t

□ m o d e r a te
□ little
□ n o t a t all

3. P l a n - D o - C h e c k - A c t :
a m e th o d o lo g y f o r c o n tin u o u s

□ v e ry p o w e rfu l

□

0 -2

u v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

4. E m p l o y e e t r a i n i n g
□

0 -2

□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

5. M u l t i - s k i l l e d e m p l o y e e s
□

0 -2

□

2 -5

□

>5

JIL v e ry . p o w e rfu l□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all

3. S m a l l g r o u p i m p r o v e m e n t a c t i v i t i e s
□

0 -2

□

2 -5

□ v e ry p o w e rfu l

Dp o w e r f u l
□ m o d e r a te

□

>5

D little
□ n o t a t all

Has this plant applied these
techniques?
7.

I f n o , n o to th e n e x t Ite m , h u t p le a s e

I f yes, w hen

Ilo w a n d

g iv e th e r e a s o n s f o r n o t a p p ly in g it

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is t e c h n iq u e

f e .g . n o t a p p l i c a b l e )

it fv e a r s )

P o k a - v o k c : n n a p p r o a c h fo r

m a k in g p r o c e s s e s f a il- s a f e u s in g
a u to m a tic d e v ic e s

□

0 -2

□

2 -5

P ow er o f

W h a t a re th e p r o b le m s o f

a p p lic a tio n

im p le m e n ta tio n

□ v e ry p o w e rfu l
□ p o w e rfu l

□

> 5

□ m o d e r a te
□ little
□ n o t at all

□

0 -2

□

2 -5

□ v e ry p o w e rfu l
□ p o w e rfu l

□

> 5

D

m o d e r a te

□ little
□ n o t a t all

9.

I M m i m L s d J m m h i L Q fj m p J M 'i
± d ls la u m

n

0 -2

U

2 -5

□ v e ry p o w e rfu l
□ p o w e rfu l

D

> 5

□ m o d e r a te
□ little
□ n o t a t all

10. L m s J m M w u lh u L m u m & x
n

0 -2

□ v e ry p o w e rfu l
□ p o w e rfu l

n

n

2-5
> 5

□ m o d e r a te
□ little
□ n o t at all

11 • T o t a l s u p p l i e r e v a l u a t i o n b a s e d o n
c o m b in a tio n o f q u a lity , c o s t,
d e liv e r y a n d fle x ib ility

□

0 -2

□

2 -5

□ v e r y p o w e r f u l□ p o w e rfu l

n

> 5

□ m o d e r a te
□ little
□ n o t a t all

1 2. 5 S a n d h o u s e - k e e p i n g : m a n a g in g a
w o r k p l a c e b y m e a n s o f 5S :
o r g a n is a tio n , tid in e s s , p u rity ,
c le a n lin e s s a n d d is c ip lin e

□

0 -2

n

2-5

□ v e ry p o w e rfu l
□ p o w e rfu l

n

>5

□ m o d e r a te
□ little
□ n o t a t all

Has this plant applied these
techniques?

I f no,

qo

to t h e n e x t ite m , b u t p le a s e

g iv e th e r e a s o n s f o r n o t a p p ly in g it

I f yes, w hen

H ow and

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is te c h n iq u e

(e .u . n o t a p p l i c a b l e )

it (y e a rs)

W h a t a re th e p r o b le m s o f

P m ver o f

im p le m e n ta tio n

a p p lic a tio n

1 3. J o b e n l a r g e m e n t / e n r i c h m e n t
□

□ v e ry p o w e rfu l

0 -2

□ p o w e rfu l
□
□

2 -5

□ m o d e r a te
□ little

>5

□ n o t a t all
14. O t t a l i t v a u d i t s
□

0 -2

□

2 -5

□

>5

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all

15. S t a n d a r d i s a t i o n o f p a rts , p r o d u c ts
an d p ro cesses

□

0 -2

□

2 -5

n

>5

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all

1 6. C r o s s - f a n c t i o n a l m a n a g e m e n t :
i n te r d e p a r tm e n ta l c o o r d in a tio n to
r e a lis e o r g a n is a tio n a l g o a ls

□

□ v e ry p o w e rfu l

0 -2

□ p o w e rfu l
□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

17. P o l i c y d e p l o y m e n t : a o r o c e s s o f
d e p lo y in g p o lic ie s th r o u g h lin e
a n d c r o s s - f tin c tio n a l m a n a g e m e n t.

□

0 -2

-

.

ve r y p o w e rfu l,
□ p o w e rfu l

u

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

1 8. V is ib l e I m p r o v e m e n t M a n a g e m e n t
u s in g a s im p le & v is u a l
n o tic e b o a r d

□

0 -2

□

2 -5

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te

□

>5

□ little
□ n o t a t all

Has this plant applied these
techniques?
1 9. B e n c h m a r k i n g : a to o l fo r
c o m p a r in g a f i r m ’s in te rn a l
p e r f o r m a n c e to e x te rn a l s ta n d a r d s
o f e x c e lle n c e

20.

V a lu e a n a l y s i s

/ v a lu e

e n g in e e r 

in g : a d e s ig n to o l f o r a s s e s s in g a

c o m p o n e n t o f a p r o d u c t in a
m o s t e c o n o m ic w a y w ith o u t
d e g r a d in g its q u a lity

21. F a i l u r e m o d e a n d e f f e c t a n a l y s i s :
a d e s ig n to o l to id e n tif y all
p o s s ib le fa ilu re s , e s tim a te th e ir
e f fe c t a n d s e r io u s n e s s , an d
r e c o m m e n d c o r re c tiv e a c tio n s

22. D e s i s m f o r m a n u f a c t u r a b i l i t y a n d
q u a l i t y , a p r o c e s s o f d e s ig n in g a
p r o d u c t f o r e f fic ie n t p r o d u c tio n at
th e h ig h e s t le v e l o f q u a lity

I f n o , b o to t h e n e x t ite m , b u t p le a s e

I f yes, w hen

H ow and

g iv e th e r e a s o n s f o r n o t a p p ly in g it

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is te c h n i q u e

( e ,e . n o t a p p l i c a b l e )

it (y ea rs)

□

0 -2

□

2 -5

□

>5

□

0 -2

□

2 -5

□

>5

□

0 -2

n

2 -5

□

>5

□

0-2

□

2 -5

a
2 3.

T a g u c h i M e th o d s : a p h ilo s o p h y o f

q u a lity e n g in e e r in g th a t e m p lo y s
e x p e r im e n ta l d e s ig n in th e d e s ig n
p ro c ess

>5

□

0 -2

n

2-5

n

>5

□

0 -2

24. Q u a l i t y F u n c t i o n D e p l o y m e n t : a
m e th o d o f m a tc h in g th e n e e d s o f
th e c u s to m e r to th e f e a tu r e s o f th e
p ro d u c t

W h a t a re th e p r o b le m s o f

P m ver o f

im p le m e n ta tio n

a p p lic a tio n

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t at all
□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all
□ v e r y p o w e r fill
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all
□ v e r y p o w e rfl.il
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t at all
□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

n

2 -5

>5

□ m o d e r a te
□ little
□ n o t at all

<1

Has this plant applied these
techniques?

I f n o , s o to t h e n e x t ite m , h u t p le a s e

I f yes, w hen

H ow and

g iv e th e r e a s o n s f o r n o t a p p ly in g it

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is te c h n iq u e

(e .B . n o t a p p l i c a b l e )

it (y e a rs)

W h a t a re th e p r o b le m s o f

P ow er o f

im p le m e n ta tio n

a p p lic a tio n

25. C u s t o m e r s u r v e y
□

0 -2

□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□ m o d e r a te
□ little

□

>5

□

0 -2

2 6. S t a t i s t i c a l P r o c e s s C o n t r o l
(S P C )

□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

27. S e t u p t i m e r e d u c t i o n
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□ m o d e r a te
□ little

□

>5

□

0 -2

□ n o t a t all

2 8. F o c u s e d f a c t o r v : s p littin g a p la n t
t h a t p r o d u c e s a ll p r o d u c ts in o n e
l o c a tio n in to s e v e ra l s p e c ia lis e d
s m a lle r p la n ts

□

2 -5

□

>5

□

0 -2

2 9. G r o u p T e c h n o l o g y . g ro u p in g p a r ts
o r p r o d u c ts w ith s im ila r
c h a r a c te r is tic s in to f a m ilie s a n d
a s s ig n in g g r o u p s o f m a c h in e s fo r
t h e i r p r o d u c tio n

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

3 0. P u l l p r o d u c t i o n s y s t e m : a
m e c h a n is m w h e r e a s u c c e e d in g
p r o c e s s w i th d r a w s p a r ts f r o m th e
p r e c e d in g p r o c e s s a t t h e s a m e ra te
a s it h a s c o n s u m e d th e m

□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

31. U n ifo r m w o r k lo a d
□ v e ry p o w e rfu l
□ p o w e rfu l

00

□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

Has (his plant applied these
techniques?

I f n o . e o to th e n e x t ite m , b u t » le a s e
g iv e t h e r e a s o n s f o r n o t a p p ly in g it
( e .g . n o t a » p l i c a h ie )

I f yes, w hen

H ow and

s ta r t a p p ly in g

W h y th is p l a n t a p p lie s th is te c h n i q u e

it f yea rs)

3 2. J u s t - i n - T i m e s c h e d u l i n g , all
p r o c e s s e s p r o d u c e th e n e c e s s a r y
p a r ts a t t h e n e c e s s a r y tim e a n d
h a v e s t o c k s o n ly s u f f i c ie n t to h o ld
th e p r o c e s s e s t o g e t h e r

□

0 -2

□

2 -5

im p le m e n ta tio n

P ow er o f
a p p lic a tio n

□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ lit t le

□

> 5

3 3. K a n b a n : a c o m m u n ic a tio n to o l in
th e J I T p r o d u c tio n s y s te m

W h a t a re th e p r o b le m s o f

□

0 -2

□

2 -5

□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little

□

>5

n

o -2

3 4. E q u i p m e n t m a n a g e m e n t a n d
im p r o v e m e n t b v te a m s

□ n o t a t a ll
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

il

0 -2

□ m o d e r a te
□ lit t le

35. P r e v e n t i v e M a i n t e n a n c e ( P M ) \
c o n d u c tin g in s p e c tio n s , c le a n in g ,
lu b r ic a tio n , a n d m in o r a d ju s tm e n ts
to p r e v e n t m a c h in e f a ilu r e

i n v o lv e m e n t in th e c a r e an d
m a i n t e n a n c e o f e q u ip m e n t

□

2 -5

[]

>5

□

0 -2

p l a n n i n g a n d c o n s tr u c tio n o f a
n e w e q u ip m e n t to m a in ta in h ig h
d e g r e e o f e f f e c tiv e n e s s d u r in g its
—
i : r--------1^.---------------------

w h o is d o in g w h a t ta s k s , o n w h a t
e q u ip m e n t, w ith w h a t p a rts , a n d at
w h at co st

□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□ m o d e r a te
"□ l ittle

□

> 5

□

0-2

□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2-5

□

>5

□

0 -2

□ m o d e r a te
□ l ittle

38. M a in te n a n c e M a n a g e m e n t
S v s t e m : a to o l t o k e e p tr a c k o f

□ m o d e r a te
□ little

37. M a in te n a n c e P r e v e n tio n (M P )\
d e s ig n a c ti v it i e s c a r r ie d o u t in th e

□ v e ry p o w e rfu l
□ p o w e rfu l

3 6. A u t o n o m o u s M a i n t e n a n c e ( A M ) \
c r e a ti n g a n d o r g a n is in g o p e r a t o r s ’

□ n o t a t all

□ n o t a t all
□ v e ry p o w e rfu l
□ p o w e rfu l

□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

III.

Performance Measurement Systems

This part o f case study concerns with obtaining information on how the company
apply performance measurement to monitor the progress in achieving excellence
in manufacturing. Please prepare the answer to these questions before the
discussion taken place during company visit by the candidate.
1. Has this plant change performance measurement systems as a result o f
implementing world class manufacturing techniques?
a. If yes,
I.
W hat criteria were used prior to the implementation?

H.

Why was the system changed?

IH.

How was the system changed?

IV.

At which point during the implementation were the new criteria
introduced?

b. If no, why was the system not changed?

2. This question will ask about 15 performance measures with the format:
Has this p la n t applied the following performance measures to evaluate the
progress in achieving excellence in manufacturing?
a. If no, go to the next item. But, please give reasons for not applying it
(e.g. not applicable, lack o f resources, etc.):
b. I f yes, please describe:
c. When this plant start applying this performance measure
□ up to 2 years
□ 2-5 years ago
□ more than 5 years ago
d. Do you think this performance measure powerful in monitoring company
progress in achieving manufacturing excellence
□ Very powerful
□Powerful
□ Moderate
□ Little
□ Not at all
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H a s t h i s p l a n t a p p l i e d t h e s e I f n o 120 t o t h e n e x t i t e m , b u t p l e a s e e i v e t h e r e a s o n s f o r n o t
p e r f o r m a n c e m e a s u r e s to
e v a lu a te th e p r o g r e s s ?

a p p ly in g it
( e .g . n o t a p p l i c a b l e ,

W h e n sta rt

If yes, please describe

P o w e r fu ln e s s in

a p p ly in g it

m o n ito r in g

(y ea rs)

co m p a n y pro g ress

la c k o f re so u r c e s)

1. In p r o c e s s d e f e c ts o r
re w o rk

□ v e ry p o w e rfu l
□

0 -2
□ p o w e rfu l

□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

2. R e tu r n s o f a lr e a d y d e liv e re d p r o d u c ts

□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

3. M a n u f a c tu r in g c o s t s
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

4 . M a in te n a n c e c o s ts
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

5. I n v e n to r y tu r n o v e r
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

H a s t h i s p l a n t a p p l i e d t h e s e I f n o , fio to t h e n e x t ite m , h u t n lc a s e e iv e t h e r e a s o n s f o r n o t
p e r fo r m a n c e m e a s u r e s to

a p p ly in g it

e v a lu a te th e p r o g r e s s ?

( e .g . n o t a p p l i c a b l e , l a c k o f r e s o u r c e s )

W h e n s ta r t
I f y e s , p le a s e d e s c r ib e

P o w e r fu ln e s s in

a p p ly in g it

m o n ito r in g

(y ea rs)

co m p a n y progress

6 . O n - t i m e d e li v e r y
□ v e ry p o w e rfu l
□

0 -2
□ p o w e rfu l

□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t a ll

7. L e a d tim e
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

n

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

8. C y c le tim e
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ l ittle
□ n o t a t all

9 . S p a c e e f f ic ie n c y
□ v e ry p o w e rfu l
- □ p o w e r f u l ---------□

2 -5

□

>5

□

0 -2

□ m o d e r a te
□ little
□ n o t a t all

1 0 .E q u ip m e n t a v a ila b ility
□ v e ry p o w e rfu l
□ p o w e rfu l
□

2 -5

□

>5

□ m o d e r a te
□ little
□ n o t a t all

Has this plant applied these I f n o , g o
performance measures to
evaluate the progress?

to t h e n e x t ite m , h u t o le a s c g iv e t h e r e a s o n s
a p p ly in g it

fo r n o t

W h e n s ta r t

If yes, please describe

P o w e r fu ln e s s in

a p p ly in g it

m o n ito r in g

(y ea rs)

co m p a n y p ro g ress

( c .g . n o t a p p l i c a b l e , l a c k o f r e s o u r c e s )

11 .E q u ip m e n t p e r f o r m a n c e
□ v e ry p o w e rfu l

e f fic ie n c y

□
□

0-2

□
□
□

2 -5

□

>5

□

0-2

□

2 -5

p o w e rfu l
m o d e r a te
little

□ n o t at all

1 2 .L a b o u r p r o d u c tiv ity
□ v e ry p o w e rfu l
□ p o w e rfu l
□ m o d e r a te
□ little
□
1 3 .E m p lo y e e m o r a le a n d
m o tiv a tio n

>5

D 0-2

□

2 -5

□

>5

□ n o t a t all

□
□
□
□
□

v e ry p o w e rfu l
p o w e rfu l
m o d e r a te
little
n o t a t all

1 4 .A c c id e n t fr e q u e n c y

n

□

0-2
2 -5

□

>5

□

0-2

□

2 -5

□

>5

1 5 .C a p ita l in v e s tm e n t
e f fic ie n c y

u>

D

v e ry p o w e rfu l

□

p o w e rfu l

□

m o d e r a te

D

little

□

n o t at all

□

v e ry p o w e rfu l

□

p o w e rfu l

□
□
□

m o d e r a te
little
n o t at all

APPENDIX C:
C om plete Data A n alysis

T a b le C - l: C haracteristics o f the R esp ond en ts o f the M ail Su rvey

Variables

/

Categories Frequency Percent

Valid % C um ulative %

N um ber o f em ployees

18
17
17
15
12
6
85

21.18
20.00
20.00
17.65
14.12
7.06
100.01

21.18
20.00
20.00
17.65
14.12
7.06
100.01

21.18
41.18
61.18
78.83
92.95
100.01

1 0 - 20
Over 100
Less than 5
5 - 10
2 0 - 50
5 0 -1 0 0
Valid total
No answer
Total

22
16
14
11
10
8
81
4
85

25.88
18.82
16.47
12.94
11.76
9.41
95.28
4.71
100.00

27.16
19.75
17.28
13.58
12.35
9.88
100.00

27.16
46.91
64.19
77.77
90.12
100.00

1900-1949
1970- 1979
1960-1969
1 980- 1989
1 950- 1959
1990-1999
1800s
Valid total
No answer
Total

17
15
13
12
10
8
2
77
8
85

20.00
17.65
15.29
14.12
11.76
9.41
2.35
90.59
9.41
100.00

22.08
19.48
16.88
15.58
12.99
10.39
2.60
100.00

22.08
41.56
58.44
74.02
87.01
97.40
100.00

Independent
Subsidiary
Multi National Company
Branch
Others
Total

35
19
19
3
9
85

41.18
22.35
22.35
3.53
10.59
100.00

41.18
22.35
22.35
3.53
10.59
100.00

41.18
63.53
85.88
89.41
100.00

44

51.76

51.76

51.76

17

20.00

20.00

71.76

17
7
85

20.00
8.24
100.00

20.00
8.24
100.00

91.76
100.00

42
22
8
8
5
85

49.41
25.88
9.41
9.41
5.88
100.00

49.41
25.881
9.41 '
9.41n
5.88
100.00

5 0 - 99
2 0 - 49
1 0 0 - 199
200 - 499
Greater than 500
Less than 20
Total
A nnual turn-over (m illions o f dollars)

Years o f establishm ent

Types o f plant

Finished products (ANZ1C code)

Electrical, electronic, and industrial
equipment (284/5/6)
Motor vehicle, pails, and other transport
equipment (28112)
Metal products (27)
Chemical & associated products (25)
Total
Predom inant m odes o f m anufacturing

Batch
Production line
Continuous flow
Project
Job shop
Total

49.41
75.29
84.70
94.11
99.99
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Table C-2: Cross-tabulation between Num ber of Employees and
A nnual T urnover
Annual turnover (million dollars)
%
Total
<5 5-10 10-20 20-50 50-100 > 100
7.41
Number of Less than 20
6
6
employees
7
20-49
5
5
17 20.99
2
2
4
1
17 20.99
50-99
8
4
9
1
16 19.75
100-199
1
1
4
15 18.52
200-499
5
6
9
10 12.35
500 or more
1
22
10
8
16
14 11
81
Total
9.88 19.75
17.28 3.58 27.16 12.35
100.00
Percentage (%)

Table C-3: Cross-tabulation of TQ M /JIT/TPM Implementation Status vs.
Setting Perform ance Targets
TQM Implementation
Yes

No

JIT Implementation
Yes

No

TPM Implementation
Yes

No

Set performance target
Yes
No
58
14
Count
19.4
80.6
% within row
16.5
68.2
% of Total
4
9
Count
30.8
69.2
% within row
10.6
4.7
% of Total

Total
72
100.0
84.7
13
100.0
15.3

Count
% within row
% of Total
Count
% within row
% of Total

51
89.5
60.0
16
57.1
18.8

6
10.5
7.1
12
42.9
14.1

57
100.0
67.1
28
100.0
32.9

Count
% within row
% of Total
Count
% within row
% of Total

30
93.8
35.3
37
69.8
43.5

2
6.3
2.4
16
30.2
18.8

32
100.0
37.6
53
100.0
62.4

Count
% of row/Total

67
78.8

18
21.2

85
100.0

Total

C-

2

Table C-3.1: Measures of Association between Setting Performance Targets and
TQM Implementation Status

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
a Not assuming the null hypothesis.
b Based on normal approximation.

Value
-.100
.100
.099
85

Approx. Sig.
.358
.358
.358

Table C-3.2: Measures of Association between Setting Performance Targets and
JIT Implementation Status

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
a Not assuming the null îypothesis.
b Based on normal approximation.

Value
-.372
.372
.349
85

Approx. Sig.
.001
.001
.001

Table C-3.3: Measures of Association between Setting Performance Targets and
TPM Implementation Status

Nominal by Nominal

Phi
Cramer’s V
Contingency Coefficient

N of Valid Cases
a Not assuming the null hypothesis.
b Based on normal approximation.

Value
-.284
.284
.273
85

Approx. Sig.
.009
.009
.009

C-
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Table C-4: Cross-tabulation o f TQM/JTC7TPM Implementation Status
vs. Employee Involvement in Target Setting

Im plem entation Status
TQM Implementation
Yes
Count
% within row

Employee Involvement in Target Setting
Only
Mostly Managers and
managers managers employees
Total
25

25

58

1

43.1
37.3

43.1
37.3

Count

4 1

3

2

% within row
% of Total

44.4 1
6.0 j
i

33.3
4.5

22.2
3.0

100.0
86.6
9
100.0
13.4

20

21

51

41.2
31.3

100.0
76.1

% of Total
No

JIT Implementation
Yes

8

13.8
11.9

Count

10 ;
% within row -------------------------------------------19.6 !

% of Total

14.9

39.2
29.9

Count

2

8

6

16

50.0
11.9

37.5
9.0

100.0
23.9

10

16

30

100.0
44.8

1

No

% within row
% of Total

12.5 '
3.0 !

TPM Im plementation
Yes
Count

i
1

No

4 Ì

% within row
% of Total

I j .j i

6.0 j

14.9

53.3
23.9

Count

8 !

18

11

37

% within row
% of Total

21.6 1
11.9 !

48.6
26.9

29.7
16.4

100.0
55.2

28

27

67

41.8

40.3

100.0

j j .j

Total
Count

% within row/Total

12

17.9 !
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A.

Tests for Independence and Measures of Association between Employee
Involvement in Target Setting and TQM/JIT/TPM Implementation Status for
Case I (Employee Involvement in Target Setting = Setting Targets by
Managers and Employees together)

Table C-4.1: Measures of Association between Employee Involvement in Target
Setting and TQM Implementation Status
------------------------------------------ ,---------------------------------------------------------------------

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
a Not assuming the null hypothesis,
b Based on normal approximation.

Value |
-.145
.145 |
.144
67

Approx. Sig.
.235
.235
.235

Table C-4.2: Measures of Association between Employee Involvement in Target
Setting and JIT Implementation Status

Value
Phi . -.032
! Nominal by Nominal
i -------------- -------------.032
Cramer’s V
!
1-----------------------------.032
Contingency Coefficient
i
----------«----*
67
i
N of Valid Cases ____________________________________________
a Not assuming the null hypothesis,
b Based on normal approximation.
!

) Approx. Sig. j
.794 1
i
.794 |
!
i
.794 j
i
!
1

Table C-4.3: Measures of Association between Employee Involvement in Target
Setting and TPM Implementation Status

11
_
Phi
| Nominal by Nominal
ii
Cramer's V
i
i!
Contingency Coefficient
|
N of Valid Cases
a Not assuming the null hypothesis,
b Based on normal approximation.

Value
-.239
.239
.233
67

! Approx. Sig.
|
.050
.050
i
.050
!
j
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B.

Tests for Independence and Measures of Association between Employee
Involvement in Target Setting and TQM/JIT/TPM Implementation Status for
Case II (Employee Involvement in Target Setting = Setting Targets by
Managers and Employees together or Mostly by Managers)

Table C-4.4: Measures of Association between Employee involvement in Target
Setting and TQM Implementation Status

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
Not assuming the null lypothesis.
b Based on normal approximation.

Value
.273
.273
.263
67

Approx. Sig.
.026
.026
.026

Table C-4.5: Measures of Association between Employee Involvement in Target
Setting and JIT Implementation Status

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
a Not assuming the null lypothesis.
b Based on normal approximation.

Value
-.079
.079
.079
67

Approx. Sig.
.518
.518
.518

Table C-4.6: Measures of Association between Employee Involvement in Target
Setting and TPM Implementation Status

Nominal by Nominal

Phi
Cramer's V
Contingency Coefficient

N of Valid Cases
Not assuming the null lypothesis.
b Based on normal approximation.

Value
.107
.107
.107
67

Approx. Sig.
.379
.379
.379

!
j
|
I
Ii
1
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R esults o f Data Analysis for the Fifth H ypothesis

Table C-5.1: Preference for TQM by Plant Size (Number of Employees)
—

Preference
for TQM
No

Yes

Total
\
\

----------------------------------------------------------------------------------------------------

Plant size

Count 1
Expected Count
% within Preference for TQM

Small

M edium

Large

9

4
7.6
30.8%

0
1.8
.0%
.0%
.0%
12
10.2
16.7%
100.0%
14.1%

3.5
69.2%

% within Plant size

39.1%

% of Total
Count
Expected Count
% within Preference for TQM
% within Plant size

10.6%
14

% of Total
Count
Expected Count
% within Preference for TQM
% within Plant size
% of Total

Total

19.5
19.4%
60.9%
16.5%
23
23.0
27.1%
100.0%
27.1%

8.0%
4.7%
46
42.4
63.9%
92.0%
54.1%
50
50.0
58.8%
100.0%
58.8%

12
12.0
14.1%
100.0%
14.1%

13
13.0
100.0%
15.3%
15.3%
72
72.0
100.0%
84.7%
84.7%
85
85.0
100.0%
100.0%
100.0%

Table C-5.2: Chi-Square Test of Preference for TQM by Plant Size (Number of
Employees)
!j____________________________

Value

|
j

14.307
85 j

Pearson Chi-Square
N of Valid Cases

df Asymp. Sig. (2-sided)
2
.001

Note: 2 cells (33.3%) have expected count less than 5. The minimum expected count is 1.84.
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Table C-5.3: Preference for JIT by Plant Size (Number of employees)
Preference
for JIT

!

|
1
i
»
!

—

S

Yes j

j
*i
!
!

Total |

i

Medium |
i4 :
I li
7.6 j
16.5 jt
39.3% |
50.0%!
S m a ll j

N ° '|_
|

1
i

Plant size
Count j
Expected Count
% within Preference for JIT 1
------------------ ----.__________________!_
% within Plant size

47.8%!\

28.0% j

% of Total

12.9% i

Count
Expected Count
% within Preference for JIT
% within Plant size

12 j

16.5% !
36 ]
33.5 j
63.2% j
72.0% j
42.4% j
50 !
50.0 1
58.8% j
100.0% j
58.8% j

_________ ____

15.41
21.1% j
52.2% j

% of Total

14.1% |

Count
___________________

23 j
23.0 1
27.1%1
100.0%!
27.]%!

Expected Count i
% within Preference for JIT
% within Plant size I
% of Total i
----------------- ------------------------------------------------- _L

Total

f

Largej
-,

j

4.0 i

10.7% i
25.0% j

28
28.0
100.0% !
32.9% |
32.9%|
5 7 J1
57.0 j

3.5% j

97 Ìi

CO
b

j

15.8% j
75.0% j

100.0% |
67.1%]

10.6% j

67.1% j

n\
12.0 j
14.1% j
100.0% j
14.1%)

85
85.0:
100.0%
100.0%
100.0%!

Table C-5.4: Chi-Square Test of Preference for JIT by Plant Size (Number of
Employees)
|

---------------—

Pearson Chi-Square
N of Valid Cases

Value |

3.202
85

df | Asymp. Sig. (2-sided) j

21
!

.202

5
_________________________________________________________ _________________!________________________________________

Note: 1 cells (16.7%) have expected count less than 5. The minimum expected count is 3.95.
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Table C-5.5: Preference for TPM by Plant Size (Number of employees)
Preference
for TPM
No

Count
Expected Count
% within Preference for TPM
% within Plant size

Yes

% o f Total
Count
Expected Count
% within Preference for TPM
% within Plant size

Total
i
i

% of Total
Count
Expected Count
% within Preference for TPM
% within Plant size
% of Total

Plant size
Small Medium
IS
29
14.3
31.2
34.0%
78.3%

54.7%
58.0%

21.2%
5
8.7
15.6%
21.7%
5.9%
23
23.0
27.1%
100.0%
27.1%

34.1%
21
18.8
65.6%
42.0%
24.7%
50
50.0
58.8%
100.0%
58.8%

Total
Large
6
7.5
11.3%
50.0%
7.1%
6
4.5
18.8%
50.0%
7.1%
12
12.0
14.1%
100.0%
14.1%

53
53.0
100.0%
62.4%
62.4%
32
32.0
100.0%
37.6%
37.6%
85
85.0
100.0%
100.0%
100.0%

Table C-5.6: Chi-Square Test of Preference for TPM by Plant Size (Number of
Employees)
Value

Pearson Chi-Square
N of Valid Cases

3.663
85

df Asymp. Sig. (2-sided)

2

.160

Note: 1 cells (16.7%) have expected count less than 5. The minimum expected count is 4.52.
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Table C-5.7: Preference for TQM by Plant Size (Annual Turnover)

-------------------------------------------------------- ---- ----

Preference
for TQM

Plant size
Small

No

Count

10

Expected Count

4.0

% within Preference for TQM

M edium

Total
Large
0

13

6.4

2.6

13.0

76.9%

23.1%

.0%

100.0%

% within Plant size

40.0%

7.5%

.0%

16.0%

______________

% o f Total

12.3%

3.7%

.0%

16.0%

Yes

Count

15

37

16

68

Expected Count

21.0

33.6

13.4

68.0

% within Preference for TQM

22.1%

54.4%

23.5%

100.0%

% within Plant size

60.0%

92.5%

100.0%

84.0%

% o f Total

18.5%

45.7%

19.8%

84.0%

Count

25

40

16

81

Expected Count

25.0

40.0

16.0

81.0

within Preference for TQM

30.9%

49.4%

19.8%

100.0%

% within Plant size

100.0%

100.0%

100.0%

100.0%

% o f Total

30.9%

49.4%

19.8%

100.0%

Total

%

j

j
j

j

Table C-5.8: Chi-Square Test of Preference for TQM by Plant Size (Annual
Turnover)
Value

Pearson Chi-Square
N of Valid Cases

15.872
81

df Asymp. Sig. (2-sided)

2

.000

Note: 2 cells (33.3% ) have expected count less than 5. The minimum expected count is 2.57.
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Table C-5.9: Preference for JIT by Plant Size (Annual Turnover)
Preference
for JIT

Plantsize

i

Total

i

Small

Medium

Count

10

12

5>

27

Expected Count

8.3

1J.J

5.3 j

27.0

% within Preference for JIT

37.0%

44.4%

18.5% |

100.0%

% within Plant size

40.0%

30.0%

31.3% ;

33.3%

1 2 .3 %

14.8%

6 .2% ;

33.3%

No

% o f Total
Yes

%

Count

15

28

n i

54

Expected Count

16.7

26.7

10.7 j

54.0

within Preference for JIT

27.8%

51.9%

20.4% j

100.0%

within Plant size

60.0%

70.0%

6 8 .8 %

;

66.7%

% o f Total

18.5%

34.6%

13.6% j

66.7%

Count

25

40

16 j

81

Expected Count

25.0

40.0

16.0 1

81.0

within Preference for JIT

30.9%

49.4%

19.8% |

100.0%

% within Plant size

100.0%

100.0%

100.0% |

100.0%

% o f Total

30.9%

49.4%

19.8%!

100.0%

%

Total

%

Large 1

Table C-5.10: Chi-Square Test of Preference for JIT by Plant Size (Annual
Turnover)
Value

Pearson Chi-Square
N of Valid Cases

.731
81

df Asymp. Sig. (2-sided)

2

.694

Note: 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.33.
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Table C-5.11: Preference for TPM by Plant Size (Annual Turnover)
Preference
for TPM

P la n t size

Total

Small

Medium

Large

Count

20

24

6

50

Expected Count

15.4

24.7

9.9

50.0

% within Preference for TPM

40.0%

48.0%

12.0%

100.0%

% within Plant size

80.0%

60.0%

37.5%

61.7%

% o f Total

24.7%

29.6%

7.4%

61.7%

Count

5

16

10

31

Expected Count

9.6

15.3

6.1

31.0

% within Preference for TPM

16.1%

51.6%

32.3%

100.0%

% within Plant size

20.0%

40.0%

62.5%

38.3%

% o f Total

6.2%

19.8%

12.3%

38.3%

Count

25

40

16

81

C ount

25.0

40.0

16.0

81.0

within Preference for TPM

30.9%

19.8%

100.0%

% within Plant size

100.0%

100.0%

100.0%

100.0%

% o f Total

30.9%

49.4%

19.8%

100.0%

No

Yes

Total
Expected
%

4 9 .4 %

Table C-5.12: Chi-Square Test of Preference for TPM by Plant Size (Annual
Turnover)
Value

Pearson Chi-Square
N of Valid Cases

7.559
81

df Asymp. Sig. (2-sided)

2

.023

Note: 0 cells (.0%) have expected count less than 5. The minimum expected count is 6.12.
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Table C-5.13: Preference for TQM by Finished Product
Finished Product

Preference
for TQM

Motor Electrical &
industrial
vehicle
& parts equipment
2
1
9

Chemical!i
Metal
productsj products

1
|

Total

Count

1

Expected Count

1.1

2.6

2.6

6.7

13.0

% within Preference for TQM

7.7%

7.7%

15.4%

69.2%

100.0%

within Finished Product

14.3%

5.9%

11.8%

20.5%

15.3%

% o f Total

1.2%

1.2%

2.4%

J0.6%

15.3%

Count

6

16

15

35

72

Expected Count

5.9

14.4

14.4

37.3

72.0

% within Preference for TQM

8.3%

22.2%

20.8%

48.6%

100.0%

% within Finished Product

85.7%

94.1%

88.2%

79.5%

84.7%

% of Total

7.1%

18.8%

17.6%

41.2%

84.7%

Count

7

17

17

44

85

Expected Count

7.0

Î 7.0

17.0

0

85.0

within Preference for TQM

8.2%

j

20.0%

20.0%

51.8%

100.0%

% within Finished Product

100.0% |

100.0%

100.0%

100.0%

100.0%

o f Total

8.2% j

20.0%

20.0%

51.8%

100.0%

No

%

Yes

Total

%

%

44

13

Table C-5.14: Chi-Square Test of Preference for TQM by Finished Product

Pearson Chi-Square
N of Valid Cases

V alue

df

2.236
85

3

Asymp. Sig. (2-sided)
.525

Note: 3 cells (37.5%) have expected count less than 5. The minimum expected count is 1.07.
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Table C-5.15: Preference for JIT by Finished Product
Finished Product
-------------1------------------Chemical
Metal Motor! Electrical &
products products vehicle)
industrial
& parts! equipment

Preference
for JIT

No

C ount

2

8

Expected Count

2.3

5.6

% within Preference for JIT

7.3%

% within Finished Product j
% of Total |

Total

16

28

5.6

14.5

28.0

28.6%

7.1%

57.1%

100.0%

28.6%

47.1%

11.8%

36.4%

32.9%

2.4%

9.4%

2.4%

18.8%

32.9%

Count |

5

9

15

28

57

Expected Count j

4.7

11.4

11.4

29.5

57.0

% within Preference for JJT j

8.8%

15.8%

26.3%

49.1%

100.0%

% within Finished Product

71.4%

52.9%

88.2%

63.6%

67.1%

% of Total

5.9%

10.6%

17.6%

32.9%

67.1%

Count

7

j

17

17

44

85

Expected Count

7 .0 1

17.0

17.0

44.0

85.0

% within Preference for JIT

j
100.0% j

20.0%

20.0%

51.8%

100.0%

100.0%

100.0%

100.0%

100.0%

21

i

Yes

Total

% within Finished Product j

8.2%

|
% of total )
8.2%
1________________________ —-J_________

j

20.0% !
51.8% 100.0%
20.0% ________
i_____________

Table C-5.16: Chi-Square Test of Preference for JIT by Finished Product
Value

Pearson Chi-Square
N of Valid Cases

5.279 j
85 !(

df j

Asymp. Sig- (2-sided)

3 j

.152

Note: 2 cells (25.0%) have expected count less than 5. The minimum expected count is 2.31.
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Table C-5.17: Preference for TPM by Finished Product
Finished Product
i
i
Chemical
Metal!i Motor Electrical &
;
products products) vehicle
industrial
j & parts ! equipment

Preference
for TPM

No

C ount

4

9

Expected Count

4.4

j

% within Finished Product j

10

30

53

10.6

10.6

27.4

53.0

7.5%

17.0%

18.9%

56 . 6 %

100.0%

57. i%

52.9%

58.8%

6 8 .2 %

62.4%

4.7%

10.6%

11.8% j

35.3%

62.4%

Count |

3

8

14

32

j
within Preference for TPM j

2.6

6.4

j

16.6

32.0

9.4%

25.0%

21.9% j

43.8%

100.0%

% within Finished Product

42.9%

47.1%

41.2%

31.8%

37.6%

% of Total

3.5%

9.4%

j
8.2% j

16.5%

37.6%

7

17

17

44

85

7.0

17.0

17.0

44.0

85.0

8.2%

20.0%

20.0%

51.8%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

8.2%

20.0%

20.0%

51.8%

100.0%

% within Preference for TPM

% of Total

Yes

Expected Count

%

Count 1
i1
Expected Count 1

Total

%

j

Total

within Preference for TPM

j

t

J
% o f Total j

% within Finished Product

71

6.4

Table C-5.18: Chi-Square Test of Preference for TPM by Finished Product
) Value

Pearson Chi-Square j
N of Valid Cases |

1.450
85

df 1

Asymp. S*g. (2-sided)

3j

.694

i

Note: 2 cells (25.0%) have expected count less than 5. The minimum expected count is 2.64.
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Table C-5.19: Preference for TQM by Manufacturing Process
i
I

M anufacturing Process

¡Preference
j for TQM

|

No

1

i

;

Yes

Total

Project Job-shop Batch

Total

Produc Continu
tion line
ous

Count

1

1

7

2

2

13

Expected Count

1.2

.8

6.4

3.4

1.2

13.0

% within Preference for TQM

7.7%

7.7%

53.8%

15.4%

15.4%

100.0%

% within Manuf. Process

12.5%

20.0%

16.7%

9.1%

25.0%

15.3%

% o f Total

1.2%

1.2%

8.2%

2.4%

2.4%

15.3%

Count

7

4

35

20

6

72

Expected Count

6.8

4.2

35.6

18.6

6.8

72.0

% within Preference for TQM

9.7%

5.6%

48.6%

27.8%

% within Manuf. Process

87.5%

80.0%

83.3%

90.9%

75.0%

84.7%

% of Total

8.2%

4.7%

41.2%

23.5%

7.1%

84.7%

Count

S

5

42

22

8

85

Expected Count

8.0

5.0

42.0

22.0

8.0

85.0

% within Preference for TQM

9.4%

5.9% ' 49.4%

25.9%

9.4% 100.0%

% within Manuf. Process

100.0%

100.0%

100.0%

100.0%

100.0% 100.0%

% of Total

9.4%

5.9%

49.4%

25.9%

8.3% 100.0%

9.4%

100.0%

Table C-5.20: Chi-Square Test of Preference for T Q M by Finished Product
;
i
:

Pearson Chi-Square
N of Valid Cases

Value
1.430
85

df
4

Asymp. Sig. (2-sided)
.839

Note: 5 cells (50.0%) have expected count less than 5. The minimum expected count is .76.
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Table 05.21: Preference for JIT by Manufacturing Process

No

Yes

Total

i
|
Total j

M anufacturing Process

Preference
for JIT

Project Job-shop

Batch

Count

7

3

Expected Count

2.6

1.6

13.8

% within Preference for JIT

25.0%

10.7%

% within Manuf. Process

87.5%

% of Total

Produc Continu
tion line
ous

n

i|

4

28 j

7.2

2.6

2 s.o;

39.3%

10.7%

14.3%

i00.0% j

60.0%

26.2%

13.6%

50.0%

32.9%!

8.2%

3.5%

12.9%

3.5%

4.7%

32.9%!

Count

1

7

31

19

4

Expected Count

5.4

3.4

28.2

14.8

% within Preference for JIT

1.8%

3.5%

54.4%

33.3%

7.0%

100.0%

% within Manuf. Process

12.5%

40.0%

73.8%

86.4%

50.0%

67.1%

% o f Total

1.2%

2.4%

36.5%

22.4%

4.7%

67.1%;

Count

8

5

42

22

8

85*

Expected Count

8.0

5.0

42.0

22.0

8.0

85.0:

% within Preference for JIT

9.4%

5.9%

49.4%

25.9%

9.4%

100.0 %;

% within Manuf. Process

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%'

% o f Total

9.4%

5.9%

49.4%

25.9%

9.4%

100.0%!

57:
--------------- }
5.4
57.o!

Table 05.22: Chi-Square Test of Preference for J T T by Manufacturing Process
Pearson Chi-Square
N of Valid Cases

Value
18.069
85

Df
4

Asym p. Sig. (2-sided)
.001

Note: 4 cells (40.0%) have expected count less than 5. The minimum expected count is 1.65.
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Table C-5.23: Preference for TPM by Manufacturing Process
M a n u fa c tu r in g P r o c e s s

Preference
for TPM

Project Job-shop Batch
6

5

25

11

6

53

Expected Count

5.0

3.1

26.2

13.7

5.0

53.0

% within Preference for TPM

11.3%

9.4%

47.2%

20.8%

11.3%

100.0%

% within Manuf Process

75.0%

100.0%

59.5%

50.0%

75.0%

62.4%

% of Total

7.1%

5.9%

29.4%

12.9%

7.1%

62.4%

C ouni

2

0

17

11

2

32

Expected Count

3.0

1.9

15.8

8.3

3.0

32.0

% within Preference for TPM

6.3%

.0%

53.1%

34.4%

6.3%

100.0%

within Manuf. Process

25.0%

.0%

40.5%

50.0%

25.0%

37.6 %

% of Total

2.4%

.0%

20.0%

12.9%

2.4%

37.6%

Count

8

5

42

22

8

85

Expected Count

8.0

5.0

42.0

22.0

8.0

85.0

% within Preference for TPM

9.4%

5.9% ' 49.4%

25.9%

9.4%

100.0%

% within Manuf. Process

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

% of Total

9.4%

5.9%

49.4%

25.9%

9.4%

100.0%

Yes

%

Total
:

i
!
i
l
I
/

Produc Continu
tion line
ous

Count

No

i

T otal

Table C-5.24: Chi-Square Test of Preference for TPM by Manufacturing Process
j

|
i

Pearson Chi-Square
N of Valid Cases

Value

df

Asymp. Sig. (2-sided)

5.682

4

.224

85

Note: 6 cells (60.0%) have expected count less than 5. The minimum expected count is 1.88.
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Table 05.25: Preference for TQM by Manufacturing Strategy
Preference
for TQM

M anufacturing Strategy
Product

Market

Service

Count

6

1

2

1

10

Expected Count

5.7

2.2

1.1

.9

10.0

% within Preference for TQM

60.0%

10.0%

20.0%

10.0%

100.0%

% within Manuf. Strategy

19.4%

8.3%

33.3%

20.0%

18.5%

% of Total

11.1%

1.9%

3.7%

1.9%

18.5%

Count

25

11

4

4

44

Expected Count

25.3

9.8

4.9

4.1

44.0

% within Preference for TQM

56.8%

25.0%

9.1%

9.1%

100.0%

% within Manuf. Strategy

80.6%

91.7%

66.7%

80.0%

81.5%

Total

46.3%

20.4%

7.4%

7.4%

81.5%

Count

31

12

6

5

54

Expected Count

31.0

12.0

6.0

5.0

54.0

within Preference for TQM

57.4%

22.2%

11.1%

9.3%

100.0%

% within Manuf. Strategy

100.0%

100.0%

100.0%

100.0%

100.0%

o f Total

57.4%

22.2%

11.1%

9.3%

100.0%

No

Yes

% o f

Total

%

1__________

Process

Total

%

Table 0 5 .2 6 : Chi-Square Test of Preference for TQM by Manufacturing Strategy

Pearson Chi-Square
N of Valid Cases

Value
1.719
54

df
3

Asymp. Sig. (2-sided)
.633

Note: 5 cells (62.5% ) have expected count less than 5. The minimum expected count is .93.
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Table C-5.27: Preference for JIT by Manufacturing Strategy
Preference
for JIT

M anufacturing Strategy
Product

Process

M arket

Total

Service

Count

8

5

2

2

17

Expected Count

9.8

3.8

1.9

1.6

17.0

within Preference for JIT

47.1%

29.4%

11.8%

11.8%

100.0%

% within Manuf. Strategy

25.8%

41.7%

33.3%

40.0%

31.5%

o f Total

14.8%

9.3%

3.7%

3.7%

31.5%

Count

23

7

4

3

37

Expected Count

21.2

8.2

4.1

3.4

37.0

% within Preference for JIT

62.2%

18.9%

10.8%

8.1%

100.0%

% within Manuf. Strategy

74.2%

58.3%

66.7%

60.0%

68.5%

% o f Total

42.6%

13.0%

7.4%

5.6%

68.5%

Count

31

12

6

5

54

Expected Count

31.0

12.0

6.0

5.0

54.0

% within Preference for JIT

57.4%

22.2%

11.1%

9.3%

100.0%

% within Manuf Strategy

100.0%

100.0%

300.0%

100.0%

100.0%

o f Total

57.4%

22.2%

11.1%

9.3%

100.0%

No

%

%

Yes

Total

%

Table C-5.28: Chi-Square Test of Preference for JIT by Manufacturing Strategy
Value

df

Asymp. Sig. (2-sided)

Pearson Chi-Square

1.218

3

.749

N of Valid Cases

54

Note: 5 cells (62.5%) have expected count less than 5. The minimum expected count is 1.57.
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Table 05.29: Preference for TPM by Manufacturing Strategy
Preference
for TPM

M anufacturing Strategy

Total

Product

Process

M arket

Count

17

8

6

Expected Count

19.5

7.6

3.8

3.1

34.0

within Preference for TPM

50.0%

23.5%

17.6%

8.8%

100.0%

% within Manuf. Strategy

54.8%

66.7%

100.0%

60.0%

63.0%

% o f T o ta l

31.5%

14.8%

11.1%

5.6%

63.0%

Count

14

4

0

2

20

Expected Count

11.5

4.4

2.2

3.9

20.0

within Preference for TPM

70.0%

20.0%

.0%

10.0%

100.0%

% within Manuf. Strategy

45.2%

33.3%

.0%

40.0%

37.0%

% o f Total

25.9%

7.4%

.0%

3.7%

37.0%

Count

31

12

6

5

54

Expected Count

31.0

12.0

6.0

5.0

54.0

% within Preference for TPM

57.4%

22.2%

11.1%

9.3%

100.0%

% within Manuf. Strategy

100.0%

100.0%

100.0%

100.0%

100.0%

o f Total

57.4%

22.2%

11.1%

9.3%

100.0%

No

%

Yes

%

Total

%

Service
34

Table 0 5 .3 0 : Chi-Square Test of Preference for TPM by Manufacturing Strategy
Value

df

Asymp. Sig. (2-sided)

Pearson Chi-Square

4.496

J

.213

N o f Valid Cases

54

Note: 5 cells (62.5%) have expected count less than 5. The minimum expected count is 1.85.
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Table C-6.1: Preference for TQM by Motive of Implementation
Preference
for TQM

Competition
I
| No | Yes

C u s to m e r

No

Yes

Count

5

4

Expected Count

3.2

5.8

1.7

% within Preference for TQM

55.6%

44.4%

11.1%

% within motive

17.2%

7.7%

6.7%

% o f Total

6.2%

4.9%

1.2%

Count

24

48

14

Expected Count

25.8

46.2

13.3

% within Preference for TQM

33.3%

66.7%

% within motive

82.8%

% of Total

No

Yes

1!

|
j
8!

7

7.3 j

5.0

,

Total

2<
!
9
1-----------4.0
9.0

88.9% | 77.8%

22.2% 100.0%
—
12.1% j 15.6%
5.6% j 13.1%
9.9% j 8.6%
58

38

2.5%

11.1%

34 -------- n
32.0

72.0

19.4%

58.7 1i 40.0
80.6% 52.8%

47.2%

100.0%

92 . 3 %

93.3%

87.9%

84.4%

94.4%

88.9%

29.6%

59.3%

17.3%

71.6%

46.9%

42.0%

88.9%

Count

29

52

66

45

36

81

Expected Count

29.0

52.0

66.0

45.0

36.0

81.0

% within Preference for TQM

35.8%

64.2%

18.5% 1 81.5%

55.6%

44.4%

100.0%

ioo.o%! 100.0%

100.0%

55.6% | 44.4%

100.0%

,
'

ICP
------------1
Yes j
No

Total

%

15 !
i
15.0

within motive 100.0% 100.0% 100.0%| 100.0%
% of Total

5

35.8% 64.2%
_______

18.5% | 81.5%
1

1

Table C-6.2: Chi-Square Test of Preference for TQM by Motive of Implementation
i
i
|
|
j
]

Pearson Chi-Square for:

Value

df

Asymp. Sig. (2-sided)

Customer

1.719

1

.190

Competition

.368

1

.544

ICP

2.025

ii

.155

N of Valid Cases

81 J

j

Notes for Customer:
a Computed only for a 2x2 table
b 1 cells (25.0%) have expected count less than 5. The minimum expected count is 3.22.
Notes for Competition:
a Computed only for a 2x2 table
b 1 cells (25.0%) have expected count less than 5. The minimum expected count is 1.67.
Notes for ICP:
a Computed only for a 2x2 table
b 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.00.

r _

Table C-6.3: Preference for JIT by Motive of Implementation
Preference
for JIT

Customer
No

Competition

Yes

No

Yes

No

ICP
!

Total
Yes

Count

7

17

5

19

13

11

24

Expected Count

8.6

15.4

4.4

19.6

13.3

10.7

24.0

% within Preference for JIT

29.2%

70.8%

20.8%

79.2%

54.2%

45.8%

100.0%

within motive

24.1%

32.7%

33.3%

2 8 .8 %

2 8 .9 %

30 . 6 %

29.6%

% of Total

8.6%

21.0%

6.2%

23.5%

16.0%

13.6%

29.6%

Count

22

35

10

47

32

25

57

Expected Count

20.4

36.6

!0.6

46.4

31.7

25.3

57.0

% within Preference for JIT

38.6%

61.4%

17.5%

82.5%

56.1%

43.9%

100.0%

within motive

75.9%

6 7 .3 %

6 6 .7 %

71.2%

73.1%

69.4?/0

70.4%

% of Total

27.2%

43.2%

12.3%

58.0%

39.5%

30.9%

70.4%

Count

29

52

15

66

45

36

81

Expected Count

29.0

52.0

15.0

66.0

45.0

36.0

81.0

% within Preference for JIT

35.8%

64.2%

18.5%

81.5%

55.6%

No

%

Yes

%

Total

%

within motive
% of Total

44.4% 100.0%

100.0% 100.0% 100.0% 100.0% 100.0%

1 0 0 .0 %

35.8%

64.2%

18.5%

81.5%

55.6%

44.4%

100.0%
100.0%

Table C-6.4: Chi-Square Test of Preference for JIT by Motive of Implementation
Value

df

Customer

.653

1

.419

Competition

.121

1

.728

ICP

.027

1

.870

N of Valid Cases

81

Pearson Chi-Square for:

A sym p .

Sig. (2-sided)

Notes for Customer:
a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 8.59.
Notes for Customer:
a Computed only for a 2x2 table
b 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.44.
Notes for ICP:
a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 10.67.
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Table C-6.5: Preference for TPM by Motive of Implementation
Preference
for TPM

C u s to m e r

•

No

1

No

S Yes

(

201
29
_______ i_______
Expected Count
17.5!t 31.5

Competition
No

Yes

Count

ICP
No

Total
Yes

8

41

28

21

49

9.1

39.9

27.2

21.8

49.0

% within Preference for TPM

40.8%| 59.2%

16.3%

83.7%

57.1%

42.9%

100.0%

% within motive

69.0%| 55.8%

53.3%

62.1%

62.2%

58.3%

60.5%

% of Total

24.7%! 35.8%
1
9]
23

9.9%

50.6%

34.6%

25.9%

60.5%

7

25

17

15

32

20.5

5.9

26.1

17.8

14.2

32.0

% within Preference for TPM

28.1%! 71.9%

21.9%

78.1%

53.1%

46.9%

100.0%

% within motive

31.0%! 44.2%

46.7%

37.9%

37.8%

43.7%

39.5%

% o f Total

11.1%!1 28.4%
29
52

8.6%

30.9%

21.0%

18.5%

39.5%

15

66

45

36

81

Count

Yes

Expected Count

Count

Total

Il.sj

Expected Count

29.0

52.0

15.0

66.0

45.0

36.0

81.0

% within Preference for TPM

35.8%

64.2%

18.5%

81.5%

55.6%

44.4%

100.0%

%

within motive 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
% o f Total

35.8%

64.2%

18.5%

81.5%

55.6%

44.4%

100.0%

Table 0 6 .6 : Chi-Square Test of Preference for TPM by Motive of Implementation

Pearson Chi-Square for:

Value

df

Asymp. Sig. (2-sided)

Customer

1.357

1

.244

Competition

.395

1

.530

ICP

.127

1

.722

N of Valid Cases

81 |

Notes for Customer:
a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 11.46.
Notes for Competition:
a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.93.
Notes for 1CP:
a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 14.22.
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Inventory turn-over
On-time delivery
Lead time
Cycle time

Average (3)

8

35

30

10

2

83

3.53

3

0
0
0

2

29
37
44

26

25

3

82

3.91

4

25
19

13
5

85
79

21
32
19
27

12
20
14
7

3.51
3.23
3.40

3
3

32

0
6
5

24
20 '

6
7

10
11
14

Ï
0

8

0
0

11
11

Space efficiency
Equipment availability
Equipment performance efficiency

2
1

21

25
40
37
27

9

44

Labour productivity

0
0
1
2

Employee moral/motivation
Accident frequency
Capital investment efficiency

1

18
9
7
6
5

32
40

22
25

9
10

41
25
36

2J
37
28

15
15
8

Mean

N (Valid)

80

0

85
84
82
80

4

o

81
82
84

3.15
3.30
3.26
3.44

84
84
79

3.54
3.71
3.44

5
nJ

1
Î
1
6

*3

3.76
3.43
3.38

1
3
4

M edian

0

Not
applicable

Among the
Best (5)

Manufacturing cost
Maintenance cost

Above
Average (4)

In process defects
Returned delivered products

Among the
W orst (1)

M anufacturing
Perform ance

Below
Average (2)

Table C-8.1: Distribution o f M anufacturing Perform ance

's

3
3
3
o

4
'S

10
11
15
8
11

Equipment availability
Equipment performance efficiency

11
23
10
19

Labour productivity
Employee moral/motivation

9
7

Accident frequency
Capital investment efficiency

7
7

29
37

44
32
25
40
37
27
44

30
26
25
19
21
32
19
27
24

25

20
22
25
21
37

36

28

32
40
41

10
25
13
5
12
20
14
7
6
7
9
10
15
15
8

N (Valid)

Not
applicable

(4)

Mod to high
Performance
(3)
High
Performance

(2)

Moderate
Performance

35

2
3
0
6
5

83
82
85
79
80

0
1
o
J

85
84

5

4
0
1
1
l
6

Median

inventory turn-over
On-time delivery
Lead time
Cycle time
Space efficiency

8
2

Mean

In process defects
Returned delivered products
Manufacturing cost
Maintenance cost

(i)

M anufacturing
Perform ance

Low
Performance

Table C-8.2: New Distribution o f M anufacturing Perform ance

2.51
2.90
2.48
2.23
2.38
2.75
2.43
2.37
2.16
2.30
2.26

2
3
2
2
2

82
80
81
82
84 2.43
84 2.52
84 2.71
79 2.47

3
2
2
2
2
2
2
2
o
2
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Table C-8.3: Regression Model of Average Business Performance as a Function of
Average Score of Total Practices
Model Summary

____________ __________________ _______________________

Model

R Square Adjusted R Square Std. Error of the Estimate
R
.613 _______ -H L
.368
.391
Note: Predictors: (Constant), Average score of total practices
ANOVA b)

Model
1

Sum of Squares
F
df Mean Square
Sig.
Regression
7.627
1
7.627 49.967 .000a)
Residual
12.670
83
.153
!
Total 1
20.297
84
_______ i!______
a Predictors: (Constant), Average score of total practices
b Dependent Variable: Average business performance
Coefficients

Coefficients
Model
B Std. Error
.205
1
.275
(Constant)
.467
.066
Average score of total practices
Note: Dependent Variable: Average business performance

t
1.338
7.069

Sig.
.184
.000

Table C-8.4: Regression Model of Average Manufacturing Performance as a
Function of Average Score of Total Practices
Model Summary

Std. Error of the Estimate |
R Square Adjusted R Square
R
.4483 J
.289
.298
.545
Note: Predictors: (Constant), Average score of total practices
Model

ANOVA b)

df Mean Square
1 Sum of Squares
7.067
1
7.067
Regression
.201
83
16.684
Residual
84
23.752
Total
a Predictors: (Constant), Average score of total practices
b Dependent Variable: Average manufacturing performance
Model
1

F
35.159

Sig.
.0000)

t
4.626
5.929

Sig.
.000
.000

Coefficients

Coefficients
B Std. Error
Model
.236
1.089
(Constant)
1
.076
.450
Average score of total practices
Note: Dependent Variable: Average manufacturing performance
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Data Analysis for the Ninth Hypothesis
Table C-9.1: Business Performance by Duration of Implementation
Implementation of TQM

N

Never

13

Up to 2 years
2 -5 years
Over 5 years

Minimum | Maximum

1.75

1.37

14

1.00 j
1.25 !

2.75

18

1.25 j

2.75

1.95
1.61

40

1.00 j

3.00

1.75

28

1.00
1.00
1.25
1.00

1

2.25

1.53

1
1

2.75
2.25

1

3.00

1.83
1.48
1.88

Implementation of JIT

Never
Up to 2 years
2 -5 years
Over 5 years

0.22
0.58
0.32
0.53

.. i
26
11

20

!

Implementation of TPM

..

Never
Up to 2 years

53
17

2 -5 years
Over 5 years

6
9 j
85 1

Total

Mean Std. Deviation

1i
1.00 j

1.25 j
1.25
1.25 !j
1.00 j

3.00
2.75

1.54
2.05
1.88
1.81
1.70

2.50
3.00
3.00

0.34
0.54
0.35
0.57
0.38
0.52
0.54
0.65
0.49

Table 9.1: M anufacturing Perform ance by Duration o f Im plem entation

Implementation of T Q M ! N
J

Minimum

Never

13

Up to 2 years

14

Maximum | Mean Std. Deviation
1.56
3.00 j 2.31
0.49
2.07
3.87 j 2.73
0.59

2 - 5 years

18

1.93

I
Over 5 vears
L_________________
i____ 1 40
1
j Implementation of JIT |

1.07

j

2.35

0.37

3.80 I

2.45

0.57
0.48

3.47

Never

28

1.07

j

Up to 2 years

26

1.57

j
Ì
3.27 ! 2.29
3,87 j 2.63

\

2 - 5 years

Î.93

3.00

(

Over 5 years

1.86

3.80

j Implementation of T P M !
i
j
Never
[

;
'

20

;

j

j
j

0.56

2.24

0.36 1

2.58

0.57

1.07

j
j
3.27 1 2.26

0.41

Up to 2 years

17 !

2.00

3.87 1 2.84 !

0.54

2 - 5 years

6 1
i

2.07

3.47 I

2.79

0.53

Over 5 years

9

1.87

3.80 j

2.65

0.64

Total

85

1.07 ;

3.87 j

2.46

0.53

5
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Table C-9.3: Performance by Duration of Implementation (All Categories)
AN O V A: Business Perform ance by Duration o f TQ M Im plem entation

Between Groups
Within Groups
Total

Sum of Squares
2.545
17.752
20.297

df
3
81
84

Mean Square
.848
.219

F
3.871

Sig.
.012

ANOVA: Business Perform ance by Duration o f JIT Implementation

Between Groups
Within Groups
Total

Sum of Squares
2.414
17.883
20.297

df
3o
81
84

Mean Square
.805
.221

F
3.645

Sig.
.016

ANOVA: Business P erform ance by Duration o f TPM Im plem entation

Between Groups
Within Groups
Total

Sum of Squares
3.610
16.687
20.297

df
3
81
84

Mean Square
1.203
.206

F
5.840

Sig.
.001

ANOVA: Manufacturing Performance by Duration of TQM Implementation

Between Groups
Within Groups
Total

Sum of Squares
1.563
22.189
23.752

df
3
81
84

Mean Square
.521
.274

F
1.901

Sig.
.136

ANOVA: Manufacturing Performance by Duration of JIT Implementation

Between Groups
Within Groups
Total

Sum of Squares
2.378
21.374
23.752

df
n
3

81
84

Mean Square
.793
.264

F
3.004

Sig.
.035

ANOVA: Manufacturing Performance by Duration of TPM Implementation

Between Groups
Within Groups
Total

Sum of Squares
5.531
18.221
23.752

df
o

3

81
84

Mean Square
1.844
.225

F
8.196

Sig.
.000
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T able C-9.4: Perform ance by Duration o f Im plem entation (Three
C ategories W ithout ‘N ever’)
A N O V A : Business P erform ance by D uration o f Im plem enting TQ M

Between Groups
Within Groups
Total

Sum of Squares
.887
17.175
18.062

df
2
69
71

Mean Square
.443
.249

F
1.781

Sig.
.176

AN O V A: Business Perform ance by Duration o f Im plem enting JIT

Between Groups
Within Groups
Total

Sum of Squares
1.245
14.715
15.961

df
2
54
56

Mean Square
.623
.273

—

F
1.781

Sig.
.176

AN O V A: B usiness Perform ance by Duration o f Im plem enting TPM

Between Groups
Within Groups
Total

Sum of Squares
.371
9.095
9.467

df
2
29
31

Mean Square
.186
.314

F
.592

Sig.
.560

ANOVA: Manufacturing Performance by Duration of Implementing TQM

Between Groups
Within Groups
Total

Sum of Squares
1.254
19.301
20.554

df
2
69
71

Mean Square
.627
.280

F
2.241

Sig.
.114

ANOVA: Manufacturing Performance by Duration of Implementing JIT

Between Groups
Within Groups
Total

Sum of Squares
1.235
15.242
16.477

df
2
54
56

Mean Square
.618
.282

F
2.189

Sig.
.122

ANOVA: Manufacturing Performance by Duration of Implementing TPM

Between Groups
Within Groups
Total

Sum of Squares
.219
9.293
9.512

df
2
29
31

Mean Square
.109
.320

F
.341

Sig.
.714
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Table C-10.1: A Regression Model of Average Business Performance as a
Function of Average Score of Infrastructure Practices
Model Summary

Model

R
R Square
Adjusted R Square
Std. Error of the Estimate
.581
.338
.330
.4025
Note: Predictors: (Constant), Average score of infrastructure practices
ANOVA b)

Model
l

Sum of Squares
df Mean Square
F
Regression
6.85!
l
6.851 42.293
Residual
13.446
83
.167
Total
20.297
84
a Predictors: (Constant), Average score of infrastructure practices
b Dependent Variable: Average business performance

Sig.
.000 a)

Coefficients

1
Coe Ticients
I Model
B Std. Error
(Constant) .209
.232
i
¡i
Average score of infrastructure practices .463
.071
Note: Dependent Variable: Average business performance

t
.901
6.503

Sig.
.370
.000

Table C-10.2: A Regression Model of Average Manufacturing Performance as a
Function of Average Score of Infrastructure Practices
Model Summary

Model
R
R Square Adjusted R Square
Std. Error of the Estimate
1
.246
.505
.4617
.255
Note: Prec ictors: (Constant), Average score of infrastructure practices
ANOVA b)

F
df Mean Square
Sum of Squares
1
6.060 28.429
6.060
Regression
83
17.692
.213
Residual
84
23.752
Total
a Predictors: (Constant), Average score of infrastructure practices
b Dependent Variable: Average manufacturing performance
Model
1

Sig.000a)

Coefficients

Coe1(Ticients
B Std. Error
Model
.267
(Constant) 1.059
1
.082
.436
Average score of infrastructure practices
Note: Dependent Variable: Average manufacturing performance

t Sig.
3.973 .000
5.332 .000
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Table C -ll.l: Difference in Business Performance between Plants Using TQM
Practices Adequately (Q l) and Not Adequately (Q2) Given Adequate
Use of Infrastructure Practices

Groups N Mean
Q2
17 1.55
39 1.96

Std Dev
.25
.57

t-test for Equality of Means
Assumption
t
df
Sig. (2-tailed)
Equal variances
-2.867
54
.006
Not equal variances -3.759 53.894
.000

Table C-l 1.2: Difference in Business Performance between Plants Using JIT
Practices Adequately (Jl) and Not Adequately (J2) Given Adequate
Use of Infrastructure Practices

Groups N Mean
J2
19 1.65
Jl
37 1.93
_________i

Std Dev
.34
.58

t-test for Equality of Means
Assumption
t
df
Sig. (2-tailed)
Equal variances
-1.945
54
.057
Not equal variances -2.290 53.058
.026

Table C-l 1.3: Difference in Business Performance between Plants Using TPM
Practices Adequately (M l) and Not Adequately (M2) Given Adequate
Use of Infrastructure Practices

Groups N Mean
M2
17 1.60
Ml
39 1.93

Std Dev
.25
.58

t-test for Equality of Means
Assumption
t
df
Sig. (2-tailed)
Equal variances
-2.217 54
.031
Not equal variances -2.934 53.998
.005

Table C-l 1.4: Difference in Manufacturing Performance between Plants Using TQM
Practices Adequately (Q l) and Not Adequately (Q2) Given Adequate
Use of Infrastructure Practices

Groups N Mean
Q2
17 2.36
39 2.64
Ql

Std Dev
.30
.61

t-test for Equality of Means
Assumption
t
df
Sig. (2-tailed)
Equal variances
-1.828 54
.073
Not equal variances -2.332 j52.823
.024

Table C-l 1.5: Difference in Manufacturing Performance between Plants Using JIT
Practices Adequately (Jl) and Not Adequately (J2) Given Adequate
Use of Infrastructure Practices

j
t-test for Equal ity of Means
Groups N Mean Std Dev j
Assumption
t
df j Sig. (2-tailed)
J2
17 2.36
.4159
-1.978
54 j
.053
Equal variances
Jl
39 ______
2.66 1 .5817
Not equal variances -2.199 48.073 j
.033
Table C -l 1.6: Difference in Manufacturing Performance between Plants Using TPM
Practices Adequately (M l) and Not Adequately (M2) Given Adequate
Use of Infrastructure Practices

Groups N Mean
M2
17 2.27
Ml
39 2.68

Std Dev
.2834
.5872

t-test for Equality of Means
Assumption
t
| df !Sig. (2-tailed)
Equal variances
-2.750
54
.008
.001
Not equal variances -3.542 ¡53.311 j
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Table C-12.2: A Regression Model of Manufacturing Performance as a Function
of Average Score of Infrastructure, TQM, JIT and TPM Practices
Variables Entered/Removed
Model

Variables Entered
Average score of TPM practices,
Average score of JIT practices,
Average score of TQM practices,
Average score of infrastructure practices
a All requested variables entered.
b Dependent Variable: Average manufacturing performance

Variables Removed

Method
Enter

Model Summary
Model
1

R
.565

R Square
Adjusted R Square
Std. Error of the Estimate
.319 J
.285
.4497
a Predictors: (Constant), Average score of TPM practices, Average score of JIT practices,
Average score o f TQM practices, Average score o f infrastructure practices
b Dependent Variable: Average manufacturing performance

ANOVA b)
1
j
!
i
a
b

Model
1

Sum of Squares
df
Mean Square
F
Sig.
Regression
7.576
4
1.894
9.368
.000a)
Residual
16.175
80
.202
23.752
84
Total
Predictors: (Constant), Average score of TPM practices, Average score of JIT practices,
Average score o f TQM practices, Average score of infrastructure practices
Dependent Variable: Average manufacturing performance

Coefficients
---------- i

1
Coefficients
i
B Std.
Model !
1.123
1j
(Constant)
---------- i--------------------------------------------- - ;
.150
j Average score o f infrastructure practices
.159
j
Average score of TQM practices
|
Average score of JIT practices j 5.086E-02
|
Average score of TPM practices ] 8.716E-02
Note: Dependent Variable: Average manufacturing performance

Error
.263
.132
.089
.064
.078

t
4.277
1.132
1.777
.789
1.114

Sig.
.000
.261
.079
.433
.269
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Table C-12.1: A Regression Model of Business Performance as a Function of
Average Score of Infrastructure, TQM, JIT and TPM Practices

Variables Entered/Removed
Model
1

Variables Entered
Average score o f TPM practices,
Average score of JIT practices,
Average score o f TQM practices,
Average score of infrastructure practices
a All requested variables entered,
b Dependent Variable: Average business performance

Variables Removed

Method
Enter

Model Summary
Model
R
R Square
Adjusted R Square
Std. Error of the Estimate
1
.622
.386
.356 1
.3946
a Predictors: (Constant), Average score of TPM practices, Average score of JIT practices,
Average score of TQM practices, Average score of infrastructure practices
b Dependent Variable: Average business performance

ANOVA b)
Model
1

F
df Mean Square
Sum of Squares
Sig.000 a)
Regression
7.843
4
1.961
12.596
.156
12.454
80
Residual
84
20.297
Total
a Predictors: (Constant), Average score of TPM practices, Average score of JIT practices.
Average score of TQM practices, Average score of infrastructure practices
b Dependent Variable: Average business performance

Coefficients
Model
1

Coefficients
B Std.
.254
.234
.118
6.798E-02 !
5.479E-02 1

(Constant)
Average score o f infrastructure practices
Average score of TQM practices
Average score of JIT practices
Average score of TPM practices
Note: Dependent Variable: Average business performance

Error
.230
.116
.078
.057
.069

t
1.102
2.021
1.503
1.201
.798

Sig.
.274
.047
.137
.233
.427
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A c h i e v i n g M a n u f a c t u r i n g E x c e l l e n c e in C o m p a n y

6A

Achieving M anufacturing Excellence in Com pany “A 99
/. C o m p a n y B a c k g r o u n d
‘A’ is an independent company and a manufacturer of radio communications and marine
electronics equipment. Established in 1959, this organisation believes that sustainable
success can only be realised by an uncompromising commitment to excellence in every
area of operation. Therefore, this company has planned its future through continuing
investment in research and development in product and process innovations.
The number of employees working in the company’s plant, where this report is written,
is 195 with about 47% of them engaged in production. The approximate annual turnover
is around 50 million dollars. In this plant, the predominant mode of manufacturing is via
production line and the main of production approach is make-to-stock. Around 80% of its
products are absorbed by the domestic market through wholesalers; the rest are exported.
This plant spends about 60% of its production costs on out-sourcing. Of this, around
70% are expended in raw materials and 30% in semi-finished products. Direct labour
expends about 15% and indirect labour consumes about 17% of its production costs.
II.

M a n u fa c tu rin g O p e ra tio n s

The final products of this plant are radio communications, marine electronics, and TV
amplifiers. All products basically consist of a main component (PWAs - Printed Wiring
Assemblies) and several peripheral components (mostly imported). The flow of
manufacturing operations can be broken down into three stages (see Figure 1 below).
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Figure 1: The Flow of M anufacturing Operations

Dl -

1

In the f ir s t s ta g e , the main component is assembled using fully automatic programmable
equipment called SMT-surface mount technology, a packaging technique for producing
a wide variety o f printed wiring assembl ies. The equipment is imported from Japan. In
this step, a board is inserted into a programmable machine to make holes, then the
punched board is printed or wave-soldered using another programmable machine in
such a way that printed circuits are formed in accordance with design. This stage is
usually free from errors. No tests therefore are required at this stage. Errors in the
machine can be detected in a computer display and directly corrected by operators.
The sec o n d sta g e involves assembling parts into the PWAs. Some products are
assembled manually, some are assembled mechanically, and some others do not need
further assembling operations but directly go to the third stage.
Testings for product functionality are conducted in the third stage. All products (100%)
are tested using semi-automatic devices. In this case, operators examine every step to
check whether the product performs well according to specifications. If so, then the
product is packed and ready to deliver. If not, then operators record in what the step the
product fails and give comments and description of the failure. The product is then sent
back to assembly area for correction. This information is documented and periodically
analysed by Quality Assurance Team to determine the causes of failure. Part failures
are among the causes that can be detected using this analysis. Using this information,
the evaluation about the quality level o f parts from a supplier is conducted. Hence, the
decision to continue the supply, to issue an advice of improvement, or to terminate the
supply (exceptional events) is made.
III,

The U se o f H u m a n -o rien ted Im p ro vem en t P ro g ra m s (H O IPs)

Com m itm ent to q u a lity is the motto o f this organisation since its establishment. More

stringent customer expectation and increased global competition have motivated this
company to implement a broad range of innovative programs in its effort to make
continuous improvement in products and processes. The implementation o f TQM,
TPM, and MRP in the last two years can be viewed as this organisation's commitment
to excellence. With the increased complexity o f operations, this plant is considering to
implement C1M in the near future. To realise it, this plant gradually organises its
facilities in accordance with the requirements o f CIM.
The main reason for this plant implementing TQM is to assure quality7products and to
control ‘doing things right the first time’ as the size o f the company becomes large. To
gain more control on the expensive automatic/semi-automatic machines, this plant has
also using TPM for the last two years. The continuing good operation of ten-year-old
equipment is one o f the immediate results o f implementing TPM. Therefore, over-time
jobs are rather preferred by both management and employees in this plant over using
two shifts. The choice was once attempted, but found to be ineffective.
Unlike TQM and TPM, JIT is not fully implemented in this plant due to complacency
about the current level o f inventory and difficulty in seeking local manufacturers as
suppliers, instead this company implements MRP as an effort to provide “the right part
at the right time” to meet schedules for completing its final products. Besides, this plant
also uses some o f JIT techniques in order to be more responsive to the customer’s
demands. This matter will be discussed in more detail in the next section.
IV,

A p p lic a tio n o f W orld-C lass M a n u fa ctu rin g T ools a n d Techniques

The following paragraphs discuss how the plant practices the 38 tools and techniques in
order to realise excellence in manufacturing (see Table 1 for the summary).
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A. Common Practices
■ Problem solving
Problem solving is an important activity for a successful continuous improvement
program. Its effectiveness in the workplace depends on the capability of each member
applying the right tools (i.e. B7 and N7) and the existence of a mechanism (such as
PDCA/SDCA) to motivate continuous improvement.
The application of B7 in this plant is mainly done by QAT - Quality Assurance Team
remote from the shop-floor as a means of controlling part or product failures with little
involvement of GEMBA (shop-floor) workers. Since almost all the tasks of assembling
into the main component (PWAs) are done using fully-automatic programmable
equipment, the management feels that inputs from shop-floor workers for process
improvement are not much required. Quality and reliability of parts and the overall
effectiveness of equipment seem to be the major factors in enhancing the quality of final
products. The management perceives that the application of B7 in this way is powerful
enough to attain quality products.
N7 has been applied at a moderate level in this plant for more than five years. The
intensity of its application has increased since five years ago in parallel with this plant’s
desire to organise a more structured approach to the management of quality. The power
of application is also moderate. The management applies these tools as an effective
means of communication among them.
While previously PDCA/SDCA is used by a limited number of people (QAT and
management) with little inputs from shop floor workers, since the last 2 to 5 years this
plant has encouraged all employees to participate in the process. Operational data are
collected by workers in the shop, then analysed by QAT, and the results are given back
to the shop in the next day. In this way, workers in the shop are always informed against
their performance, and countermeasures will be taken if some discrepancy exists. The
result of application is on moderate level.
■ Employee involvement and empowerment
The training o f employees has been practised in this plant since its early establishment.
It is mainly conducted on the job. A new shop-floor worker receives up to three months
of training to enable him to perform the job well. The company has never sent an
employee for formal training (e.g. in a university), but education assistance in the form
of part payment of tuition fee is usually granted when necessary. The company may
send workers for short workshops in certain required skills (e.g. TPM). The practice of
employee training has significantly enhanced in the last 2 -5 years in parallel with the
necessity of having multi-skilled work force. The return is on moderate level.
Multi-skilled workers are required to have a flexible work force. While this plant has
been training its employees to be multi-skilled for the last 2 -5 years, the necessity of
having multi-skilled employees has intensely increased in the last two years. Although
employee resistance is unavoidable, this practice is powerful enough to overcome job
bottlenecks (e.g. by moving workers between work-stations).
SGIA is not applied in this plant. The main reason of this, in view of the management, is
that it is not applicable. This is because jobs are simple and dominated by automatic
equipment; thus requiring little input from shop-floor workers.
■ Supplier relationships
Supplier (quality) certification is not used in this plant. This company does not care too
much on certification provided by third parties, such as AS9002, IS09002, etc. The
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important thing is that suppliers’ quality performance has to be maintained at a certain
level in order to maintain the relationship.

Reduction o f number o f manufacturing suppliers is applied in this plant to some extent,
but reduction o f distances is difficult to be realised. The number of suppliers for several
major components has been reduced to two or three, but the number o f suppliers for
common components can be up to five or six. Most of the suppliers are from overseas.
So far, attempts to involve local suppliers have not succeeded in terms o f costeffectiveness. Implementation o f this technique started more than five years ago and is
powerful in assuring quality and maintaining cost-effective operations.
This plant applies long-term contracts with suppliers, especially those of major
components. However, the contracts can be terminated if the performance o f the
suppliers continues to deteriorate. This practice also started more than five years ago
and is powerful in assuring quality and maintaining cost effective operations.
In this plant, quality and delivery performance are dominant factors in eval uating
suppliers. The Quality Assurance Team makes periodic evaluation on quality
performance o f suppliers utilising part failure data reported from the shop-floor (see
Figure 1). This evaluation determines whether a supplier continues to supply parts, or
an improvement advice should be given due to quality deterioration and/or frequent
delivery violations.
One thing that makes the bargaining position of this plant reasonably low is that most o f
the suppliers are large manufacturers which supply their parts all over the world. Since
this plant is quite small in size, it is not cost effective for these suppliers to have frequent
delivery o f a small number o f parts to this plant. As a consequence, the best this plant
can do is to maintain the level o f two- to three-month inventory turn over.

■ Workplace management
Housekeeping in this plant has been done in a traditional manner since its early
establishment. The management o f housekeeping has been increased recently, and
some o f the 5S has been applied in an effort to create more conducive working
environment. Job enlargement/enrichment has never been applied in a systematic way,
but job rotation is practiced as a means of developing a flexible work force.

■

Other continuous improvement tools

These include Poka-yoke, Quality audits, Standardisation, Cross-functional management,
Policy deployment, Visible Improvement Management (VIM), Benchmarking, and
Value Analysis/Value Engineering (VA/VE). Poka-yoke is not applied in this plant.
Quality audits were implemented in this plant by the internal staff (QAT) since 2 - 5
years ago. Utilising ISO 9002 as a guidance, this technique is useful for self evaluation
and, hence, in assuring quality. In fact, this plant has been awarded ISO 9002 by an
independent auditor (SGS).

Standardisation o f parts and procedures was applied since more than five years ago, but
its management was improved in the last 2 —5 years. Part standardisation has been
coordinated since early stage o f product development. Likewise, process standardisation
is performed by establishing operation manuals of critical processes. The management
felt that the power o f this technique was moderate.
Cross-functional management is an effective tool in realising organisational goals. Inter
departmental quality meetings were held in this plant since more than five years ago to
resolve quality-related problems. In the last 2 - 5 years, these meetings have been
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organised more frequent and expanded to discuss other company goals, e.g. cost
reduction, timely delivery'. This is useful for achieving the goals.
Policy deployment has been applied in this plant in a traditional, top down manner for
more than five years. In the last 2 - 5 years, however, policy deployment has been
applied in a more structured way. The return is on moderate level.
K/Mhas been applied in this plant for more than years and was very powerful in
assuring quality. Formal benchmarking is not applied in this plant, since there are no
manufacturers of similar equipment in Australia. Finally, VA VE has been applied in
this plant for more than five years. The result in on moderate level.
B. Quality Management Practices
■ Product Design
Practices associated with developing quality at source include Failure Mode and Effect
Analysis (FMEA), Design For Manufacturability and Quality' (DFMQ), and Taguchi
methods (TM). FMEA is not applied in this plant. There is no information why this plant
does not apply this technique. It might be that product failures do not have much
hazardous impact.
DFMQ was recently applied in this plant when a new product was launched. This

technique is very powerful in reducing defects and, hence, enhancing quality. Number
of defects has been reduced down to 5%. No Taguchi methods have been applied in this
plant. The reasons are not mentioned.
■ Customer Focus
These practices include Quality Function Deployment (QFD) and Customer Survey.
QFD has not been applied in this plant. On the otheT hand, customer survey has been
applied for more than 5 years. This technique is powerful in improving quality.
■ Process Management
SPC is applied in every stage of production from product design, manufacturing, up to
marketing of the products. For the purpose of maintaining process capability7, workers
in the shop collect operational data, then computers analyse the data, and finally based
on this analysis managers make decisions. SPC has been applied in this plant starting
five years ago. It is powerful in improving quality.
C Just-in-Time (JIT) Practices
JIT practices include set up time reduction (SUR), focused factory, group technology
(GT), pull production system, uniform work load, JIT scheduling, and Kanban. In this
plant, SUR has been applied since 2 - 5 years ago. It is a powerful technique in
eliminating unnecessary loss and meeting tight schedules in producing mixed products.
Set up time has now been successfully reduced from 200 to 165 hours per month. In the
future, set up time has been targeted to be reduced to 100 hours per month.
Principles o f focused factory and GT have been applied in this plant for more than five
years. According to the management, application of the first technique is very powerful
and the second technique is powerful enough in increasing the level of responsiveness.
Pull production system, one of the core of JIT techniques, is not applied in this plant.

Instead, the production approach of this plant is confined to the ‘make-to-stock’
approach.
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Uniform w orkload has been used in this plant for more than 5 years. Production volume

for each model is established every six months based on a forecast. Then, this number
is broken down into monthly, weekly, and daily production schedule. At the end o f the
month, for a certain model, the actual production and the sales are compared. When
production is greater than sales, then the unsold products are put in a storage and the
new production schedule for the following month is adjusted. When the contrary
situation occurs, then back order is added to the new production o f the following month.
Consequently, overtime is issued. In both situations, workload is maintained as uniform
as possible. If lack o f production occurs repeatedly, then recruitment o f new people is
considered. The power o f uniform workload is moderate and, until now, the
management is quite happy to maintain this approach.
By responding to customer demand like those in the previous paragraph, the management
feels that JIT scheduling has been implemented in this plant. Similar to the former, the
power o f this technique is moderate. Finally, Kanban is not applied in this plant.
D. T P M P ra ctices

These practices include: Equipment Management and improvement by teams (TPMEM), Preventive Maintenance, (TPM-PM), Autonomous Maintenance (TPM-AM),
Maintenance Prevention (MP), and Maintenance Management System (MMS). The first
four techniques have been used in this plant since more than five years ago. Application
o f the last technique has started just recently. The management feels that the first two
techniques are very powerful in maintaining equipment from zero breakdowns, but the
power o f the rests o f the techniques are on moderate level. As a result, one ten-year-old
equipment continues to run well.
V.

The A p p lica tio n o f P erform an ce M easu rem en t

There is no information on whether this plant has changed performance measurement
systems as a result o f implementing world-class manufacturing techniques, what criteria
were used before and after the implementation of WCM techniques, and what measures
are used to evaluate the performance o f quality, just-in-time (delivery), and equipment
effectiveness. But measuring performance similar to those practiced by wwld class
manufacturers has been used in this plant for more than five years. Table 2 provides a
brief description about the application of performance measures in evaluating progress.
VI.

C onclusion

In this plant, achieving manufacturing excellence has been attempted in various ways.
Investment in equipment and the implementation of innovative programs are among the
major endeavours in maintaining and improving performance o f quality, cost, customer
responsiveness, and flexibility. This investment seems to be commensurate with the
current level o f performance.
Overall, the management feels comfortable with the current performance. The quality
o f final products is 'good' in the sense that few quality problems are encountered in the
market. The costs o f production have successfully been maintained at a profitable level.
Responsiveness to customer demands is also ‘good' in the sense that, most of the time,
the plant can supply goods in the market without any difficulty, although this
performance is achieved by keeping inventory of final products as well as raw materials
at a reasonable level. Finally, the plant has maintained flexible production at the
expense o f three-month inventory level of work-in-process components.
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This company faces competition against similar products in moderate to high level. To
overcome this competition, the plant has attempted a broad range of methods using the
logic of “common sense.” One of the proven approaches to be applied until this time is
performing strict control on production by allowing “no room for error.” Furthermore,
a very' tight control against procurement lead time of raw materials has proven to be a
remarkable solution to maintaining the cost of production.
While some WCM techniques have been extensively applied, some others seem to be
lagging behind. Endeavours to achieve quality performance and cost reduction are
mainly done by controlling quality and reliability of parts from suppliers and by
maintaining and increasing overall effectiveness of equipment. Table 1 reveals that
tools and techniques under supplier relationship and TPM practices have been
extensively applied for more than five years with powerful returns. On the other hand,
developing quality at source, through understanding the needs of the customer and
translating these needs by practicing product design methods, has not fully applied.
It appears that employee involvement in process improvement is not fully practiced.
Basic tools of quality control (B7) and continuous improvement mechanism (PDCA) are
mainly used by QAT and management, whereas involvement of shop floor workers is
restricted to data collection. While employee training is provided for the purpose of
preparing employees to perform tasks in accordance with what is written in operations
manuals, their involvement in process improvement, through Small Group Improvement
Activities, is not really encouraged. Table 1 also shows that the creation of work-place
environment conducive to attaining excellent performance (5S and house-keeping and
job enlargement/enrichment) is only used restrictedly.
While customer responsiveness and production flexibility are attempted by applying
several practices simultaneously (such as set up time reduction, focused factory, group
technology, uniform workloads, multi-skilled employees, and standardisation), the
primary means is relied on maintaining inventory of both final products and work-in
process components at a reasonable level. An attempt to fully implement JIT
production system, hence minimising work-in-process inventory, is almost impossible
as long as most of the components are procured from overseas. Instead, MRP is
implemented to increase customer responsiveness.
The application of performance measures in supporting the achievement of manufacturing
excellence has been done in accordance with the application of WCM techniques. This
plant uses both financial and non-fmancial measures to assess its progress, presents
them in charts and graphs, and encourages operators to collect the performance data.
The emphasis on controlling quality and reliability of parts and maintaining and
increasing overall equipment effectiveness as a means of assuring quality and cost
reduction, for example, is reflected in the monitoring of process defects, returns of
delivered products, manufacturing costs, and all measures associated with the
effectiveness of equipment. Unfortunately, information on the relationship between the
performance measures used and the target to be attained is not available.
Although excellent performance in some dimensions of competition has been achieved,
particularly in quality and, to some extent, in the cost of production, this plant should
consider to extend its competitive bases on other areas, such as customer responsiveness
and delivery performance without relying on buffer inventories. It is very crucial to
competing for the future.
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Comments

A. infrastructure

• Problem solving
B7 (basic tools of QC)

Y

•

N7 (new tools o f QC)

Y

•

ft

PDCA/SDCA

Y

•

•

Mainly used by QAT and management with little
involvement of shop floor workers

•

Up to 3 months on the job training for new workers, no
formal training, but tuition assistance can be granted,
sending to short workshops can also be provided
By rotating and training on the job, little resistance is experienced

•

Mainly applied by QAT to control components failures,
with little involvement of shop floor workers
Used by management as effective media for communication

■ Employee involvement

Employee training
Multi-skilling
Small Group Activities
■ Supplier relationship
Supplier certification
Reduction of number

DI-

oo

Y
Y

•

ft

•

N

Not applicable

N

Track records are preferable to ‘quality’ certification

Y

•

•

Long temi contracts

Y

•

•

Total supplier evaluation

Y

_#

■ Workplace management
5S & house-keeping
Job enlargement/enrichment
■ Other techniques

Y
N

ft

Poka-yoke
Quality audits
Standardisation
Cross-functional
management

Housekeeping & some of 5S done in a traditional manner
Not applicable

N

Y
Y
Y

ft

•
•
•

Number of supplier is reduced, but distance is not feasible
since most of suppliers are from overseas
Mainly with major component suppliers, but its continuity
depends on track records
Mainly based on quality and delivery performance

ft

•

Not applicable
Mainly done by internal staff (QAT)
Mainly standardisation o f parts and products
In the past, it is to resolve quality related problems, but
recently it is applied to other problems as well
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Has this plant applied
these techniques

Start aimhdngjyean)
Power of aoDlication
Kt’rj'
o
.
5
Comments
> .5 Not at all Little Moderate Powerful rtnuuJvfiil
0 -2
*
* '
Using
a
top
down
manner
•
Y
•
By placing instructions on a board
Y
•
Not
applicable
_ü.
•
Not applicable
__Y
(Y/N)

à

Policy deployment
Visible Improv. Mgmt
Benchmarking
VA/VE
B. TOM nractices
• Product design
FMEA
JSL .
DFMO
__Y
Taguchi Metliods
.JSL.
■ Customer focus
QFD
L JÊL
Customer survey
.Y
■ Process management
Y
SPC
C. JIT nractices
Y
Set up time reduction
Focused factory
Group Technology
Pull production system
Uniform workload

Used in a new product, powerful in reducing defect rates
Not applicable

•

#

m

Not applicable
No information how this technique is applied

#

_JL _

No information how this technique is applied

•

•

- Y.
_y .

•

-J L
•

•

N

Y

JIT scheduling
Y
Kanban
_JSL
D. TPM nractices
TPM - EM
__ Y „
TPM - PM
Y__
TPM - AM
Y
Maintenance Prevention
Y__
MMS
_Y .

•

•

__J
__flL_

•
•
...

•
•

•

Set up time has been reduced from 200 to 165 hours per
month. The future target is 100 hours per month
No information how this technique is applied
No information how this technique is applied
“Make to stock” is preferable to pull system
Adjusted to factual production and sales, but uniform
workload is maintained as much as nossible
Adherence to (external) customer demands is endeavoured
Not applicable
No
No
.
No
No
No

information how this technique
information how this technique
information how this technique
information how this technique
information how this technique

is applied
is applied
is applied
is applied
is applied

Table 1: Application o f VVCM Techniques in Company ‘A ’ (Continued)

Has this plant applied
these techniques

(Y/N) •

In process defects or rework

Y

•

•

Returns o f already-delivered
products

Y

•

•

Manufacturing costs

Y

•

•

Maintenance costs

Y

•

•

Inventory turnover

Y

•

•

On-time delivery

Y

•

Lead time

Y

•

Cycle time

Y

Space efficiency

N

Equipment availability

Y

Equipment performance
efficiency

Y

Labour productivity
Employee morale & motivation
Accident frequency

Y
Y

Capital investment efficiency

Y

Power of application

S ta r t a p p ly in g (y e a rs)

0-2

Y

2 -5

> 5

Not at all

Utile

Moderate

Powerful

]'ery
powerful

•
•

•

•

•

•
•
•
•
•

Analysed every month to determine their causes and
losses in dollars.
To monitor their volume and losses in dollars
To monitor and maintain manufacturing costs at a
reasonable level.
To monitor and maintain maintenance costs at a
reasonable level.
To monitor and maintain inventoiy turnover at a
reasonable level. The average is 2 - 3 months. It can not be
reduced below 2 months, since suppliers are from overseas
To monitor responsiveness to customer demand. Up to
10% overtime is issued to maintain on time delivery,
Not really applicable due to ‘make-to-stock’ approach.
But it is still monitored in a monthly basis.
To monitor responsiveness to customer demand. Overall
machine effectiveness is maintained and multi-skilled
work force is endeavoured to reduce cycle time.
Not applicable
To monitor responsiveness to customer demand. Spare
equipment is attempted when necessary
To monitor responsiveness to customer demand. Assembly
workers are involved in maintaining equipment performance

•

•

Comments

•
%

Not really monitored.
Not really monitored.
To monitor causes and losses of accident. Accident
prevention is attempted.

•
•

Used by top management as one of financial indicators

Table 2: Application of Performance Measurement in Company 4
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Has this plant used these
performance measures
to evaluate progress
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A c h i e v i n g M a n u f a c t u r i n g E x c e l l e n c e in C o m p a n y ‘ B

Achieving M anufacturing Excellence in Company ‘B ’
L
Company Background
Company CB’ is a subsidiary company and a manufacturer of various types of cables
used in the computer, audio, video, control, and instrumentation industries. Established
in 1942, this organisation is accredited by Standards Australia as a Quality Endorsed
Company with IS09002/AS9002. To this company, the customer is the number one.
In addition to producing cables listed in its catalogue (standard products), therefore, this
company also offers to design and manufacture a cable to meet special needs of the
customer (customised products).
The number of employees working in the company’s plant is between 50-99 with about
80% of them engaged in production. The approximate annual turnover is close to five
million dollars. All of the products are merchandised in the domestic market. This plant
spends about 20% of its production costs on procuring raw materials from its suppliers.
The number of working days per month is 24 (4 weeks times 6 working days per week).
There are two daily shifts. The day shift is from 8:00 a.m. until 4:30 p.m. Evening shifts
start from 3:00 p.m. until 1100 p.m. On each shift, about 2 hours are spent on setting up
equipment.
II. The Manufacturing Operations
Manufacturing a cable incorporates a series of continuous processes. Generally, the
processes include bunching, pigtail, ribbons, braiding, lay up, CEECO, extrusion,
sheathing and printing. Particular features of a cable determine the process of its
manufacturing. Some products need to pass all of these processes, while others do not.
Some products spend more time in one process than in others.
In this plant, the modes of manufacturing are based on continuous flow process (70%)
and project (30%) depending on the final products. For manufacturing standard and
high-sold cables, continuous process is applied and the approach to production is ‘maketo-stock* (70% of total production). For manufacturing customised and specific models,
jobs are based on projects or orders from customers (30% of total production). If the
models already exist; then the ‘make-lo-ordef approach is applied. Otherwise, the
production approach is a combination of ‘design-to-order’ and followed by 4make-toorder. ’ In some occasions, orders have to be seized through a bidding procedure. In
this case, the plant competes with other manufacturers to win orders. Based on
experience, 30% of all tenders submitted are successful.
Fully automatic equipment dominates the process of cable manufacturing (70%). Manual
operations account for 20% and semi-automatic 10% of total operations. Therefore, the
role of operators in maintaining the performance of equipment is very crucial.
III.

The Implementation of TQM, JIT and TPM

Commitment to customers and competitive pressures have motivated this company to
implement a broad range of innovative programs in its effort to make continuous
improvement in products and processes. The implementation of TQM in the last two
years can be viewed as evidence of this company’s commitment to quality excellence.
The main reason for this plant implementing TQM is to maintain its reputation as an
accredited quality company with IS09002/AS9002. This company also plans to
implement TPM and JIT in the near future. The motivation to implement TPM is to
gain more control on the expensive automatic/semi-automatic machines.
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Until now, this plant maintains availability and performance of its equipment by
applying preventive maintenance. One of the immediate results of using this technique
is the continuing good operation of old equipment. Although JIT is not formally
implemented, some JIT techniques are applied. It seems that complacency about the
current level of inventory, both in final products and raw materials, is the main reason
of not attempting to implement JIT.
IV.

Application of World-Class Manufacturing Tools and Techniques

The level of commitment to excellence can be further reviewed and is reflected in the
way a company applies what has been called as WCM tools and techniques. The
following paragraphs discuss how the company practices the 38 tools and techniques
which are believed to be able to realise excellence in manufacturing (see Table 1).
A. Common Infrastructure Practices

■ Problem solving
Problem solving is a crucial activity to a successful continuous improvement program.
However, the effectiveness of this activity in the workplace depends on the capability of
each member applying the right tools (B7 and N7) and the existence of a mechanism
(such as PDCA/SDCA) to motivate continuous improvement.
The application of B7 in this plant is mainly done by QAT - Quality Assurance Team
(consisting of quality professionals remote from the shop-floor) as a means of controlling
scraps or product failures with the involvement of GEMBA (shop-floor) workers. The
majority of tasks in cable manufacturing operations are performed using fully-automatic
and semi-automatic equipment, yet the inputs from shop-floor workers for process
improvement are required. It seems that overall equipment effectiveness is the major
factor in enhancing the quality of final products and reducing scraps. The management
perceives that the application of B7 in this way is sufficient to attain quality products.
N7 has been applied at a moderate level in this plant for more than five years. The
efficacy of application is high. These tools have proven to be effective methods of
assessing quality. Moreover, the process of PDCA/SDCA is used by a limited number of
people (QAT and management) with some inputs from shop floor. This activity started
more than five years ago with the result of application on moderate level.

■ Employee involvement and empowerment
The training o f employees in this plant is mainly conducted on the job. A new operator
receives up to three months of training to enable him to perform the job well. The
company has never sent an employee for formal training (e.g. to a TAFE), but may send
employees for short workshops in certain required skills (e.g. TQM). The practice of
employee training in this plant started more than five years ago with high returns.
Multi-skilled employees are required to have a flexible work force. To some extent, this
plant has trained its employees to be multi-skilled since the last 2-5 years. For example,
one operator can handle up to six machines. In fact, an operator’s salary may be based
on the accumulation of his/her skills This practice is powerful enough to overcome job
bottlenecks (e.g. by moving workers between work-stations).
SGIA is not applied in this plant. The main reason of this, in view of the management, is
that it is not necessary. This is because jobs are simple and dominated by semi-automatic
and automatic equipment; thus requiring little input from shop-floor workers.
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■ Supplier relationships
These practices include supplier quality certification, reduction o f number o f suppliers
and distances, long term supplier contracts, and total cost supplier evaluation . The first
practice is used in this plant to a limited extent in the sense that certification is given
only when suppliers request it. In fact, this plant does not care too much for supplier
certification granted by third parties, such as AS9000,1S09000, etc. The important
thing is that suppliers’ quality, delivery, and price has to be maintained at a certain level
in order to continue supplying this plant. However, this practice started more than five
years ago with high returns.
The second practice is applied to some extent with small returns. The number of
suppliers for several major components (cable and PVC) is between 5 and 6. The target
is to reduce to two or three suppliers. Moreover, the management feels that developing
long-term contracts with suppliers is not really urgent in achieving manufacturing
excellence. The company may move from one supplier to another when performance
deteriorates.
In this plant, price is a dominant factor in evaluating suppliers , followed by delivery and
quality performance. The QAT makes periodic evaluations of the performance of
suppliers to determine whether a supplier continues to supply parts without warning, or
a warning should be given due to performance deterioration. This practice started more
than five years ago with small returns

■

Workplace environment
In this plant, 5S and housekeeping have been practiced to some extent in the last 2 -5
years with high returns. In addition to daily housekeeping activity, employees are
encouraged to do two-hour housekeeping every Friday. Worker initiatives are of high
priority. Human limitation is also considered in designing jobs through the practice of
job enlargement and enrichment The second practice started more than five years ago
with high returns

■ Other continuous improvement tools
Poka-yoke has been applied in some machines in this plant for more than five years and
it is very effective in reducing and even avoiding scraps. Quality audits are implemented

in this plant by the internal staff (QAT) since 2-5 years ago. Utilising ISO 9000 as a
guidance, QAT performs quality audits on systems and products. This technique is
powerful for self evaluation and, hence, assuring quality in every step of the production.
Standardisation of parts, products, and processes has been applied and documented for

more than five years. The management feels that the power of this technique is high.
Cross-functional management is an effective tool in realising organisational goals of

quality, cost, delivery, and flexibility. Management meetings on quality assurance and
evaluation have been held every six months in this plant for more than five years to
resolve quality-related problems. These meetings can even be organised more frequently
when necessary. This is very powerful in assuring quality.
Policy deployment has been applied in this plant in a traditional, top down manner for
the last 2 - 5 years with high results. Quality policy is documented and new employees
are trained in it. There is no information on how the policy is constructed and deployed.
Visible improvement management is has been applied in this plant for the last 2-5 years

by writing instructions and performance measures in a board, and is very powerful in
assuring quality. Benchmarking has been applied to some extent in this plant for the last
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2-5 years and is very powerful in assuring quality. Informally comparing performance
of competitors against its performance is one way of doing it.
Value A n a lysis / Value E n g in eerin g is not applied in this plant. There is no information
why this plant does not apply this technique. It seems that the technology applied in this
plant is well-established, so that little or no invention in new materials has occurred.

B. Q uality M a n a g em en t P ra ctices

■ P rodu ct D esign

Techniques associated with developing quality at source include Failure Mode and
Effect Analysis (FMEA), Design For Manufacturability and Quality (DFMQ), and
Taguchi Methods (TM). FM EA is not applied in this plant. There is no information
why this plant does not apply this technique. It might be that product failures do not
have much impact in cost.
To some extent, D F M Q has been applied in this plant for the last 2 -5 years with good
results. This technique is beneficial in reducing defects and, hence, enhancing quality.
No Taguchi m eth o d s have been applied in this plant. The reasons are not mentioned.
■

C ustom er F ocu s

These practices include Quality Function Deployment (QFD) and Customer Survey.
Q F D is not applied in this plant. On the other hand, cu stom er su rve y has been applied
extensively tor more than 5 years. The company sends an after-sale performance
questionnaire to every customer. This survey seeks customer opinion of satisfaction and
invites his comparison with the best alternative supplier concerning product, delivery,
administration, contact with representatives, management, technical, and administrative
staff. This is a useful feedback for self evaluation and continuous improvement.
■ P rocess M a n a g em en t
S P C is applied in every stage of production from product design, manufacturing, up to
marketing of the products. SPC has been applied in this plant for the last 2 - 5 years. In
particular, SPC has been used extensively to analyse process capability of critical
machines. It is great aid in improving quality.

C Ju st-in -T im e (JIT) P ra ctices
These practices include set up time reduction (SUR), focused factory, group technology
(GT), pull production system, uniform work load, JIT scheduling, and Kanban. In this
plant, SU R has been applied since 2 - 5 years ago with moderate results. As has been
mentioned earlier, this plant spends about two hours (25%) of every working day (8
hours) to set up its equipment. There is no information on the progress of reducing set
up time from time to time, what target has to be attained in the future, or comparative
figures with similar manufacturers.
F o cu se d f a c to r y and G T have been used in this plant for more than five years.
According to the management, application of the first technique is very powerful and
the second technique helps increase the level of responsiveness.

is not used in this plant. Instead, the production approach of this
plant is confined to the cmake-to-stock’ and ‘make-to-order’ approaches.

P u ll p ro d u c tio n syste m

U niform w o rk lo a d has been practiced in this plant for more than 5 years. For standard
and ‘make-to-stock’ cables, volume of production for each model is set based on a
forecast. Then, this number is broken down into monthly, weekly and daily production
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schedule. Workload is maintained as uniform as possible, but adjustment is made
according to actual production and sales. For specific and ‘make-to-order’ cables,
project management guidelines are applied strictly in order to deliver products on
schedule. The usefulness of uniform workload is high and, until now, the management
is quite happy to maintain this approach.
By responding to customer demand 90% of the time, the management feels that JIT
sch ed u lin g has been implemented in this plant. Similar to unifonn workload, the efficacy
of this technique is moderate. Finally, K an ban is not applied in this plant. However, this
plant has supplied and prepares to supply other plants according to Kanban rules.
D. TPM Practices
The success of the maintenance program in achieving overall equipment effectiveness
(OEE) is determined by the application of the following techniques: Equipment
Management and improvement by teams (TPM-EM), Preventive Maintenance, (TPMPM), Autonomous Maintenance (TPM-AM), Maintenance Prevention (MP), and
Maintenance Management System (MMS).
Thef ir s t tw o tech n iqu es have been applied in this plant since more than five years ago.
The management feels that the these two techniques are very powerful in maintaining
equipment availability and reducing scraps. As a result, some old equipment continues
to run well. Equipment maintenance in this plant is performed by maintenance
specialists. Operators’ involvement in routine maintenance activities is still limited.
V

The A pp lica tio n o f P erform an ce M easurem en t

There is no information on whether this plant has changed performance measurement
systems as a result of implementing world-class manufacturing techniques, what criteria
were used before and after the implementation of WCM techniques, and what measures
are used to evaluate the performance of quality, just-in-time (delivery), and equipment
effectiveness. As a consequence of its commitment to customers, this plant measures the
performance of its activities relating to the achievement of quality, cost, delivery,
flexibility and human resource. Most of the practices have already been used since more
than five years ago, except for activities related to measurement of quality and equipment
performance efficiency. The efficacy of application differs from one measurement to
another, but in general, it is either powerful or moderate. Table 2 provides a brief
description about the use of performance measures in evaluating the plant progress.
VI.

C onclusion

In this plant, much effort has been expended to improve company performance
continuously in order to achieve manufacturing excellence. Investment in equipment
and the implementation of human-oriented innovative programs are among the major
endeavours in maintaining and improving product quality, reducing cost, increasing
customer responsiveness, and enhancing production flexibility. This investment seems
to be commensurate with the current level of performance.
Compared to its competitors, o v e ra ll p erform an ce of this plant is slightly a b o v e
The q u a lity o f fin a l p r o d u c ts is a b ove avera g e in the sense that defect rates can
be maintained at a reasonable level and few quality problems (measured as returns of
products) are encountered in the market. The cost o f p rodu ction is a v era g e in the sense
that it can still be maintained at a profitable level. R espon siven ess to customer demands
is also a v e ra g e in the sense that, most of the time (90%), this plant can supply goods to
customers without any difficulty, although, for some products, this performance is
a v era g e .
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achieved by keeping its inventory. Finally, the plant’sfle x ib ility of production is a b o v e
a v era g e . Nevertheless, for some products, it is achieved by keeping a reasonable stock
of work-in-process components.
While various techniques have been applied in its efforts to achieve excellent
performance in quality and cost reduction, emphasis on controlling and maintaining
overall effectiveness of equipment is more dominant. Table 1 shows that equipment
management and improvement by teams, preventive maintenance, and poka-yoke have
been extensively applied for more than five years with very good returns. Similarly,
quality related techniques (such as quality audits, SPC, policy deployment, and visible
improvement management) have been practiced for the last 2-5 years with good results.
On the other hand, although customer survey is applied extensively, developing quality
at source through the practices of product design methods has not been fully applied.
Furthermore, it appears that the role of QAT, maintenance specialists, and management
is more dominant in process improvement than with production employees. Problem
solving tools (B7 and N7) and continuous improvement mechanism (POCA) are mainly
used by QAT and management with little involvement of shop floor workers. Also,
tools (such as quality audits, SPC, standardisation, and cross-functional management)
which involve more QAT and management than shop-floor worker are applied
extensively with high returns. While employee training and multi-skilling are provided
for the purpose of preparing employees to perform many tasks in accordance with what
is written in operations manuals, their involvement in process improvement, through
small group improvement activities, is not really encouraged. Table 1 also shows that
the creation of work-place environment conducive to attaining excellent performance
(5S and house-keeping) is not fully applied. Although jobs in this plant are dominated
by fully automatic and semi automatic equipment means that input from employees for
process improvement is really expected.
While customer responsiveness and production flexibility' are attempted by applying
several practices simultaneously (such as set up time reduction, focused factory7, group
technology7, uniform workloads, multi-skilled employees, and standardisation), the
primary7means is relied on maintaining inventory' of both final products and w-ork-inprocess parts at a reasonable level. The usefulness of set up time reduction is only
moderate. Similarly, the efficacy of techniques under supplier relationships, except for
supplier certification, is little. The implementation of JIT and TPM, which provides
shop-floor operators with more authority' and responsibility7, as well as developing better
relationship with suppliers, will probably improve responsiveness to customer and
production flexibility.
The use of performance measures in supporting the achievement of manufacturing
excellence has been done in accordance with the application of world-class
manufacturing techniques. This plant uses both financial and non-financial measures to
assess its progress, presents them in terms of charts and graphs, and encourages
operators to collect and view' the performance data. The emphasis on maintaining and
increasing overall equipment effectiveness as a means of assuring quality and cost
reduction, for example, is reflected in the monitoring of process defects, returns of
delivered products, manufacturing and maintenance costs, and all measures associated
with the effectiveness of equipment. If JIT is pursued, then inventory' turnover, on time
delivery, lead time, and cycle time have to be monitored closely. Unfortunately,
information on the relationship between the performance measures used and the target
to be attained is not available.

D2-

6

Power of application

Start aitp ly in g (yea rs)
( Y /N )

0 -2

2 -5

>5

V ery
N o t a t a ll

L ittle

M o d e r a te P o w e r f i d

no w erh d

Comments

A . Infrastructure practices
• Problem solving

B7 (basic tools of QC)

Y

•

N7 (new tools of QC)

Y

•

PDCA /SDCA

Y

•

Employee training

Y

•

Multi-skilling
Small Group Activities

Y
N

Mainly used by QAT to control quality of products, with
some input from shop floor workers
Used by management as an effective tool for quality
consultative meetings every three months
Consultative meeting between management and operators
every month to discuss quality performance & problems

•

•
•

■ Em ployee involvement
•

%

•

Up to 3 months on the job training for new operators and
staff, no formal training but sending to workshon nrovided
Applied to some extent
Not applicable

■ Supplier relationship

Supplier certification
Reduction of number
of suDoliers & distance
Long term contracts

Y
Y

•

•

Y

•

•

Total supplier evaluation

Y

•

•

■ Workplace management
5S & house-keeping

Job

Y
Y

%

•

Certification is provided when suppliers request it
Not really applied. Currently, cable suppliers are five and
PVC suppliers are 5-6. The target is 2-3 suppliers.
Not really urgent. The company may move from one
. supplier to another based on their performance
Suppliers are evaluated based on respectively price,
deliverv. and aualitv.
Applied to some extent. Worker initiatives are dominant.
Human limitation is considered in designing jobs

•
•

-za

■ Other techniques

Poka-yoke
Quality audits

Y

Standardisation
Cross-functional
management

Y

+

Y

•

Y

•
•

•
•

•

Applied in some automatic machines
QAT performs quality audits on systems and products
every month using ISO as a guidance
Standardisation of parts and products is documented
Management meeting on quality management & evaluation
is conducted every 6 months, but can be more frequent

Table 1; A pplication of WCM T echniques in Company *

Has this plant applied
these techniques

Power of application

S ta rt a p p ly in g (yea rs)
( Y /N )

0-2

2 -5

N o t a t a ll

L ittle

M o d e r a te P o w e r fu l

Comments

V ery
nns&iexi'uL

Quality policy is documented & communicated to new workers

..X
X
X
X

By writing instructions & performance measures on a boarc
Benchmark informally against competitors
Not applicable

X
X
X

Applied to some extent
Not applicable

-ti.
X

Not applicable
Performance questionnaire is sent to every customer

B, TOM practices
Product design

FMEA
DFMQ
Taguchi Methods
Customer focus

QFD
Customer survey
Process management

Y

Very careful use of SPC to analyse process capability of
(critical) machines________________________________

C. JIT practices
Set up time reduction
Focused factory
Group Technology
Pull production system

X
X
X.
N

Uniform workload

Y

JIT scheduling
Kanban

Y
X

Reduction of machine set up time is always attempted.
No information on how this techniques is applied
No information on how this techniques is applied
“Make to stock” and “make to order” are preferred to pull
production system___________ __________
Adjusted to factual production and sales, but uniform
workload is maintained as much as possible________
Adherence to (external) demands is attempted
Not applicable

Y
X
X
X
X

No
No
No
No
No

SPC

-za

D . TPM practices

ÔO

TPM - EM
TPM - PM
TPM - AM
Maintenance Prevention
MMS

information on how this techniques is applied
information on how this techniques is applied
information on how this techniques is applied
information on how this techniques is applied
information on how this techniques is applied

Table 1: Application of WCM Techniques in Company ‘B’ (Continued)

Has this plant applied
these techniques
Policy deployment
Visible Improvement
Benchmarking
VA/VE

P o w e r o f a p p lica tio n

S ta r t a p p ly in g (y e a rs)

(Y/N)
0-2

2-5

>5

Not at all

Little

M oderate Powerful

In process defects or rework

Y

•

•

Returns of already-delivered
products

Y

•

•

Manufacturing costs

Y

•

Maintenance costs

Y

•

•

Inventory turnover

Y

•

•

On-time delivery

Y

•

Lead time

Y

Cycle time
Space efficiency

N
N

Equipment availability

Y

Equipment performance
efficiency

Y

Labour productivity

Y

Employee morale & motivation

N

Accident frequency

Y

•

Capital investment efficiency

Y

e

•

•

•

•
•

•

•
•

•

Comments
To monitor defect rates. Summaries of defect rates and
losses in dollars are shown in a monthly report..
To monitor their volume and losses in dollars. Returning
defective goods are replaced.
This is part of overall continuous improvement programs.
The objective is to reduce scraps to 3%, maximum 5%.
Indirectly monitored.
To maintain inventory turnover at a reasonable level. For
some products in demand, inventory is increased. For
some low sale products, inventory is decreased.
Continuously monitored to attain 90% on time delivery.
Continuously monitored to attain customer lead time of
2-3 weeks for common cables and of 4-6 weeks for
specific cables
Not monitored.
Not monitored
To maintain equipment availability up to 75% - 85%
depending to its utilisation. For high utilised equipment,
spare equipment is provided when necessary
Continuously monitored to maintain quality and to meet
production schedule.

•

•

Very
pow erful

Not really monitored, but this is a consequence of the
above performance,
Not really monitored.
To monitor causes and losses of accident. Accident
prevention is attempted.
Used by top management as a financial indicator.

T able 2: A pplication o f P erform ance M easurem ent in Com pany ‘
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’

A chieving M anufacturing Excellence in Company *C'

I.

In trodu ctio n

This company is a joint venture by Australian and overseas corporations to build and
manage as agent to the participants. This company was established in 1980, and started
production in 1983. This project was The biggest single industrial project to be
undertaken in NSW in a decade/ In 1996, the production capacity of this project
reached 447,500 tonnes smelted aluminium per year. As one of the largest smelters in
Australasia, this company generates approximately $800 million per year in export
revenue for Australia.
This company’s mission is ‘to develop and produce, safely and in harmony with its
environment, competitive aluminium products for its owners which meet the customers’
needs’. To realise this mission, this company is committed to high standards of health
and safety, high standards of environmental protection, effective work relationships, and
high product quality and continuous improvement of processes.
This company produces aluminium ingots, extrusion billet and rolling slabs. Majority of
these products are exported to world markets (97%), and only 3% are merchandised in
domestic market. As an agent of the owners, this plant acts solely as converter. The
owners supply the main raw material (alumina) and sell finished products directly to the
market. The other major raw materials are petroleum coke, liquid pitch, and electricity.
Excluding alumina, these raw materials account for 75% of total production costs.
The number of employees working in the company’s plant is 1,100 with about 80%
engaged in production. In this plant, the predominant mode of manufacturing are via
production line (67%) and batch (33%). Thz former is applied for producing ingots
with the production approach of make-to-stock. The latter is applied for producing
billets and slabs with the production approach of make-to-order.
II.

M a n u fa ctu rin g O peration s

The flow of manufacturing operations can be broken down into three departments.
■ Electrode department: Here, carbon anodes are made by mixing petroleum coke and
liquid pitch. The large blocks are baked and joined to stems. Then, they are taken to
the Potlines to be eventually consumed, but the butts are returned to this area for
recycling.
■ Potlines department: In this area, alumina is added to the bath and electricity is
applied. The separation of the aluminium and the oxygen is done by passing electric
current from the positive (anode) to the negative (cathode). Then, the molten
aluminium is syphoned from the pot and taken to the Casthouse.
■ Casthouse department: Here, the molten aluminium is poured into holding furnaces
and casts into ingots for remelting or, after alloying, slabs for rolling and billets for
extrusion.
This plant consumes 860,000 tonnes alumina, 157,000 tonnes petroleum coke and
35,000 tonnes liquid pitch per year, and requires 700 MW electricity. The operation of
potlines is stable with a very narrow window. Once started, potlines operate 24 hours a
day through 365 days per year, and produce at a constant rate. This results in a relatively
stable demand of raw materials per year, although output in tonnage may vary between
ingots and semi-finished products (slabs and billets) from time to time. Consequently,
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this plant can not afford to run out of any raw material. Material shortage means a loss
million of dollars. Stopping potlines incurs not only production losses, but also
significant start up cost.
III.

U se o f H u m a n -o rien ted Im p ro vem en t P rogram s (HOIPs)

Commitment to health and safety, environmental protection, work relationships, and
product quality are the values of this organisation. Moreover, competitive pressures
have motivated this plant to implement a broad range of innovative programs in its
effort to make continuous improvement in products and processes. The implementation
of TQM for more than 5 years can be viewed as an evidence of this plant’s commitment
to excellence. Seeking internal efficiency, getting customer feedback, and getting closer
to customers are the main reasons for implementing TQM. However, a representative
of this company reveals that this plant has not implemented TQM in a holistic fashion.
Only some aspects of TQM are implemented, such as involvement of team, application
of some techniques of quality control in some departments, etc.
TPM has also been experimented with in several departments for the last 2 - 5 years
The main reason for implementing TPM is to enable control of the critical equipment
(ingot casters), particularly dealing with physical and chemical quality and the
availability of the equipment. Ingot casters may be underweight and the shape may be
inappropriate. This in turn can affect physical quality of the product. With increased
global competition, this plant is considering to implement JIT in the near future.
However, there are two factors which can hinder the implementation of JIT, argues the
representative. Firstly, some of the processes are not under control. Secondly, some
internal processes are too variable. Therefore, to date this plant still relies on internal
(buffer) stocks in order to be responsive to customers’ demand. Reducing buffer stocks
is attempted, but until this plant has reliable process, JIT implementation can not be
pursued.
IV.

A p p lica tio n o f W orld-C lass M an u factu rin g Tools a n d Techniques

The following paragraphs discuss how the plant practices the 38 tools and techniques in
order to realise excellence in manufacturing (see Table 1 for the summary).
A. C om m on P ractices

■ P roblem S o lvin g

Problem solving is an important activity for a successful continuous improvement
program. Its effectiveness in the workplace depends on the capability of each member
applying the right tools (i.e. B7 and N7) and the existence of a mechanism (such as
PDCA/SDCA) to motivate continuous improvement.
The training of B7 in this plant has been done since five years ago, involving first staff,
mining staff, and operators. 60% of personnel have received training in some tools
(cause and effect diagram, Pareto, and check sheets), and only 10% in all tools.
Nevertheless, their usage is not widespread, except for accident investigation. Hence,
the effectiveness of B7 is at a moderate level. The management perceives that unless
they are applied, the power of these tools will decline.
Application of N7 is sporadic. They have not been applied as a management approach
but merely by individuals. No organised training in N7 is conducted. Moreover,
although the introduction of PDCA/SDCA in this plant was done at the same time as the
training in B7, this tool has never been used for a long time. The management recently
attempted to reintroduce these techniques as part of ‘Team Development’ program.
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■ E m p lo yee In vo lvem en t a n d E m pow erm en t

This plant is now undergoing a program called ‘Team Development’, which aims at
involving employees in all aspects of process improvement. Training o f employees is
the core of this program. Two-third of employees have been trained in process
improvement. By die end of this year, all employees will be trained. The problem is
that the management concentrates more on business outcome rather than internal
process improvement. So, sometimes they cannot wait for the ‘actual’ result.
Multi-skilled workers are required to have a flexible work force. In this plant, the
importance of multi-skilling, and hence its application, is on a moderate level. In fact,
for some areas, the management needs to find the right-balance between applying and
not applying multi-skilled employees. While multi-skilling may be beneficial, it
frequently requires employees to move from one workplace to another. Consequently,
it may reduce pride of ownership of a particular equipment or process, and hence, may
prove detrimental to overall company performance.
SGIA is applied in some areas of this plant recently as part of ‘Team Development’. The
use of SGIA across the plant is still in the early stage. This tool has been successfully
applied in the Potline department. One of the difficulties is relating this activity to
business outcome, and is the main concern of the management.
■ S u p p lier R ela tio n sh ip s

Supplier (quality) certification is not the main concern, hence, no certification is given.
Instead, this plant determines the specifications and standards that have to be fulfilled in
order for the supplies to be accepted. As mentioned earlier, the owners supply the main
raw material (alumina). The other raw materials (petroleum coke, liquid pitch and
electricity) are monopolised by certain companies. This (conventional) arrangement
provides the suppliers a strong position to dictate the price. Therefore, this plant is
considering increasing the number of suppliers. Electricity, which is traditionally under
monopoly, can now be bought from other sources. Likewise, the option of buying
lower quality coke is now being considered, since the coke quality does not have a
significant effect on the quality of finished products.
This plant applies long-term contracts with suppliers. The contract with suppliers of
electricity can be for up to 30 years. The contract with suppliers of major components
can be for up to 5 years. Although the management recognises the benefits of long-term
supplier relationships, unlike electronic or automotive manufacturers, this plant is
considering more suppliers rather than reducing their number. The traditional
arrangement has caused the company to carry much inventory. For example, coke is
imported from overseas in large batches, and the goods are stored (both at the Port and
the Plant).
In this plant, total supplier evaluation is applied to some extent. On-time delivery is the
first priority, since this plant can not afford to run out of raw materials. Unless suppliers
are able to supply in small batches reliably, this plant does not risk shortage of
materials. Quality of coke and alumina is important, but does not significantly affect the
quality of finished products.
■

W orkplace M a n a g em en t

Workplace management in this plant has been done using housekeeping and orderliness
methods developed by the Du Pont organisation since the least seven years. The
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management of housekeeping has been increased recently, and some of the 5S has been
campaigned in the last 18 months. Job enlargement/enrichment has been applied in the
last three years as part of ‘Team Development’ program. About two-third of the plant
has been involved in the pilot program. The aim is to get employees involved in the
larger aspect of the jobs.
■

O th e r C on tin u ou s Im p ro v e m en t Tools

These include Poka-yoke, Quality audits, Standardisation, Cross-functional management,
Policy deployment, Visible Improvement Management (VIM), Benchmarking, and
Value Analysis/Value Engineering (VA/VE). Poka-yoke is not applied formally in this
plant. Quality audits have been implemented in all divisions for the last two years as
part of ‘Team Development’. Using their own internal quality standards, this technique
is useful for self evaluation, although its effectiveness is currently on moderate level. In
fact, the Cast-house department was awarded ISO 9002 four years ago.
Standardisation of parts and procedures has been applied as part of ‘Team Development’
program in some areas of the plant. This has not been pursued thoroughly across the
plant. Thus, its impact on process improvement can be considered to be low.
Cross-functional management is an effective tool in realising organisational goals. This
technique has been experimented with as part of ‘Team Development’ program for the
last 18 months. This program was characterised by organisational changes across the
plant emphasising process ownership. Networks of people responsible for cost processes
have been established in each department, and they meet regularly. To date, its
effectiveness is small, but it is believed that this will improve in die future.
Safety policy has been deployed strongly in this plant in parallel with the values of the
company. This policy is deployed via process ownership, good communication,
bulletins, and the Internet. However, policy deployment of other issues has not
progressed on a par with safety policy. The effectiveness of the latter is very powerful,
but the former is little.
Again, application of VIM is mainly concerned with ‘safety’ issue. Many safety signs
are available across the plant. Application of VIM on other issues has been promoted as
part of ‘Team Development’. This program encourages the use of visual alert for
monitoring performance and gaining feedback from employees. Until now, the
effectiveness of this technique is on a moderate level.
Some sort of benchmarking has started five years ago. This is mainly done internally
across smelter plants belonging to the owners of this company. It is aimed at seeking
ideas and comparing performance among the plants. Formal benchmarking is done
occasionally. For example, benchmarking in maintenance area with Du Pont
organisation was useful in learning about the Du Pont maintenance audits methodology.
Finally, VA/VE was recently applied in this plant in informal way. It is part of a major
project of cost improvement. An ‘ad hoc’ group of employees from the Potline
department was established as a focused team. This team investigated all aspects of
Potline operations and identified the opportunities of cost reduction without degrading
safety and quality. The effect is very powerful for this team, but on a moderate level in
general.
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B. Quality Management Practices
■ Product Design
Practices associated with developing quality at source include Failure Mode and Effect
Analysis (FMEA), Design For Manufacturability and Quality (DFMQ), and Taguchi
methods (TM). FMEA has been applied in several critical areas of the plant for about
six years, with good results.
DFMQ is not really applied in this plant, since manufacturability is not the main
concern. Taguchi Methods are not applicable.
■ Customer Focus
These practices include Quality Function Deployment (QFD) and Customer Survey.
None of these techniques has been applied in this plant. The management does not
recognise the importance of these techniques. Although meetings with customers are
sometimes conducted, they are not aimed at formal discussion or gaining their feedback.
In fact, the owners of this company discourage the plant’s personnel having much
contact with customers. The owners are in competition with each other. As explained
earlier, they sell the finished products directly to the customers.
■ Process Management
SPC. has been applied mainly for accident prevention and investigation for more than
five years, but its application for process improvement is rare. Since the launch of
‘Team Development’, the use of SPC for process improvement has increased. The
effectiveness of SPC for safety is powerful, but on a moderate level in general.
G Just-in-Time (JIT) Practices
JIT practices include set up time reduction (SUR), focused factory, group technology
(GT), pull production system, uniform work load, JIT scheduling, and Kanban. In this
plant, SUR has not been applied. As explained before, once started, Potlines run
continuously for 24 hours a day. Hence, setting up equipment is not applied until the
next run.
Principles offocusedfactory and GT are not applicable in this plant. The factory layout
has never been changed since its construction. Pull production system, the core of the
JIT system, is applied only to a limited extent. As explained before, this plant can not
afford to run out of raw materials. Therefore, they are purchased in large batches, and
gradually consumed until the next production run. Uniform workload is applied as part
of the given production process. Finally, Kanban is not applied in this plant.
D. TPM Practices
These practices include: Equipment Management and improvement by teams (TPMEM), Preventive Maintenance, (TPM-PM), Autonomous Maintenance (TPM-AM),
Maintenance Prevention (MP), and Maintenance Management System (MMS). The first
three techniques have been applied in this plant since more than five years ago. These
techniques are applied as part of the ‘process ownership’ program. Training of equipment
maintenance is given to operators by the maintenance staff. The management feels that
the first two techniques are powerful in maintaining equipment to zero breakdowns, but
the power of the third technique is on a moderate level.
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V.

A p p lica tio n o f P erfo rm a n ce M ea su rem en t

As a consequence of implementing TQM and TPM, this plant has changed performance
measurement from emphasis on business (financial) performance gradually towards
overall process measurement. Measuring all aspects of quality performance has been
applied for more than five years. In the last 2 - 5 years, several departments of the plant
has started to measure equipment related performance (OEE). This was initiated four
years ago in the Cast-house, and gradually implemented in other departments.
Measuring performance similar to those practiced by world class manufacturers has
been applied in this plant for the last 2 - 5 years. Table 2 provides a brief description
about the application of performance measures in evaluating progress.
VI.

C on clu sion

In this plant, achieving manufacturing excellence is attempted in various ways.
Investment in equipment and the implementation of innovative programs are among the
major endeavours in maintaining and improving performance of quality, cost, customer
responsiveness, and flexibility. This investment seems to be commensurate with the
current level of performance.
Compared to its competitors, overall performance of this plant is above average.
Performance of quality, delivery, and flexibility is above average. In fact, this plant is
among the best performers in costs of production. Moreover, this plant can maintain its
quality performance in a high level (return of defective products is less than 1%).
Though this plant can deliver goods on time to customers without difficulty, this
achievement is made possible by keeping relatively high stocks of raw materials
(alumina and coke). While the Potlines operate continuously in a given rate, the Casthouse can produce finished products flexibly and satisfactorily based on customers’
orders. Finally, continuous improvement of company performance is attempted by
practicing WCM techniques and monitoring its performance over time.
The ‘Team Development’ program with emphasis on process ownership has been
implemented recently in this plant. This program is a continuation of the previous
training on quality related techniques. While some WCM techniques have been applied
extensively, some others seem to be lagging behind. The application of B7 is rare except
for accident investigation. In fact, N7 has never been applied by management as a
problem solving approach. Employee involvement and empowerment practices have
been increased recently as part of the TDP. Similar development is also applied for
workplace management practices. But, the practices of supplier relationships seem to
encounter a dilemma. This plant’s worry about shortage of materials has led to
conventional selection of suppliers. Accordingly, suppliers are in a strong position to
dictate the price, and the company has to carry large stocks of materials. Finally, some
other continuous improvement practices are applied with high returns, such as policy
deployment, VIM, benchmarking, and VA/VE.
Furthermore, it appears that the application of core practices is concentrated on TPM. It
is aimed at maintaining and improving equipment-related performance. DFMQ and
SPC are the only TQM practices applied. Uniform workload is the only JIT practice
used. The latter is a consequence of the production process rather than intentional
application. It is believed that performance of this plant can be improved when the
application of Infrastructure and TPM practices is enhanced.
The use of performance measures in supporting the achievement of manufacturing
excellence has been done extensively in this plant. Table 2 demonstrates that some of
the performance measures are included as KPI.

D3 -

6

ù.çüz*L

(Y/N)

0-2

2 -5

>5

P o w er o f a p p lication

Not at alì Little Moderate Powerful J 1 0Vwery
.tl.rfiiI.

Comments

A. Infrastructure practices
■ Problem solving

Ö7 (basic tools of QC)

Y

N7 (new tools of QC)

N

PDCA/ SDCA

Y

Used to be applied mainly for accident investigation. Their
application for process improvement increases recently.
Never been applied as management approach, merely by
individuals. No organised training is conducted.______
Its introduction was given more than 5 years ago. Due to
limited application, it has been reintroduced recently.

jEmployee involvement

Employee training

Y

Multi-skilling
Small Group Activities

Y
Y

Employee training on process improvement has been
increased recently as part of ‘Team Development’ (TD).
Applied in some areas. Needs to find the right balance.
Applied in some areas recently as part of TD program.

Supplier relationships

Supplier certification
Reduction of number

N
N

Long temi contracts

Y

Total supplier evaluation

Y

Supplier certification is not provided.
Attempted to increase number of suppliers. ‘Traditional’
arrangement has caused the plant to carry much inventory.
Long term contracts are unavoidable, since the plant can
not afford to shortage of materials.________ _______
On time delivery of materials is indispensable. But quality
and price are also important,__________ ___________

Workplace management

5S & house-keeping
Job enlargement/enrichment

Y
Y

Applied using Du Pont methods. Introduced 5S recently.
Applied in some areas recently as part of TD program.

N
Y

Not applied formally
Applied in some areas using their own internal quality
standards. Cast-house was awarded ISO 9002 4 years ago.
Applied in some areas recently as part of TD program.
Experimented with in some areas recently as part of TD
program, Emphasised on process ownership.

Other techniques

Poka-yoke
Quality audits

u

Standardisation
Cross-functional
management

Y
Y

T a b le 1: A p p lic a tio n o f W CM T e ch n iq u es in C om p any

H a s th is p la n t a p p lied
th ese tech n iqu es

Policy deployment __
Visible Improv. Mgml
Benchmarking
VÀ/VE
“
~

Start applying (years)
(Y/N)

...Y

0 -2

2 -5

>5

P o w er o f a p p lica tio n
N o t a t a il

little

M o d era te P o w e r fu l

V ery
p o w e r fu l

Comments

JY
X

Deployed safety policy strongly, other policies moderately
Applied mainly for safety. Promoted other issues recently.
Applied internal benchmarking among the owners’ plants.
Recently applied in informal way.

Y
.X
X

Applied in several critical areas
Not applied, Manufacturability is not the main concern,
Not applicable.

X.
X

Not applicable, since this plant acts as agent of the owners
Not applicable, since this plant acts as agent of the owners

Y

B. TOM practices
■ Product design

FMEA
PFMQ
Taguchi Methods
Customer focus

.QFD
Customer survey
■ Process management
SPC
C JIT practices
Set up time reduction
Focused factory______
Group Technology
Pull production system
Uniform workload
JIT scheduling
Kanban

Y

Used to be applied mainly for safety, its application for
process improvement has increased recently.._________

N

Not applicable.
Not applicable.
Not applicable.
Not applicable.
Applied as consequence of the given production process.
Wish to apply, but impossible at this time, unless suppliers
can supply the right amount of materials at the right time.
Not applicable

N
N

X.
Y
N

X

D. TPM practices
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TPM - EM
TPM - PM
TPM - AM
Maintenance Prevention
MMS

Y

Y

X
N

X

Applied as part of the 'process ownership’ program.
Applied as part of the ‘process ownership’ program.
Not hilly applied.______
Not applicable,
Not applicable.

Table 1: A pplication o f W CM Techniques in Com pany ‘C* (Continued)

H as th is p la n t a p p lied
th ese tech n iq u es

( Y /N )

In process defects or rework

Y

•

Returns of already-delivered
products

Y

•

Manufacturing costs

Y

•

Maintenance costs

Y

•

Inventory turnover

Y

On-time delivery

Y

Start applying (years)
0 -2

Lead time
N
Cycle time
N
Space efficiency
N
Equipment availability
Y
Eqp. performance efficiency ... Y

O

Labour productivity

Y

Employee morale & motivation

Y

Accident frequency

Y

Capital investment efficiency

N

2 -5

>5

Power of application
Not at all

Little

M oderate Powerful

•
•
•

•

•

•
•

•

•

•

•

•

•

•

•

Comments
To monitor defect rates. Volume and losses in
dollars are recorded and analysed from time to time.
To monitor their volume. Returning defective
goods are little, less than 1%.
To keep track of production costs over time. This is
part of overall continuous improvement programs.
To keep track of maintenance costs over time based
on work orders, maintenance man hours, and
overhaul.
Applied for major external supplies and major
internal processes.
Monitored re-actively, not regularly, especially
when raw materials fall behind.
Not monitored.
Not monitored.
Not monitored
Monitored but not as ‘KPT, as a tool of analysis.
Monitored but not as ‘KPI\
a tool of analysis.
--------------------------------— — as
---------------Jy
Monitored and estimated as production volume
divided by full time employees.
Monitored using employee satisfaction survey every
year

•

•

Very
powerful

•

Monitored very strictly, measured accident losses,
and investigated its causes.
’
Not monitored. But performed cost audits, pre
expenditure justification, and post project audits.

Table 2: A pplication o f P erform ance M easurem ent in Company 4

Has this plant used these
performance measures
to evaluate progress

O
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’

Achieving M anufacturing Excellence in Company ‘D ’
I. Company Background
This company is a small, independent, and dynamic company producing around 200
types of electronic products such as signal conditioners, power supplies, electrical
transducers, calibrators, etc. Established in 1982, this company is one of Australia’s
leading designers and suppliers of high quality and competitively priced signal
conditioning modules. Commitment to customers is the number one priority of this
company. In addition to manufacturing the products listed in its catalogue, therefore,
this company helps customers with competent and economical solutions to their needs
by designing, manufacturing and servicing a full range of products for interfacing,
monitoring and alarming.
The number of employees working in this company is between 20-49 with about 50% of
them engaged in production. The approximate annual turnover is less than five million
dollars. Each product is manufactured or assembled in small batches. About 80% of the
products are merchandised in the domestic market either directly to customers or through
distributors. The rests are exported. This plant spends about 30% of its production costs
on procuring raw materials from its suppliers.
II. The Manufacturing Operations
This company manages its operations based on customer demands. For manufacturing
standard products, or components which will later be needed for special orders, the
approach to production is ‘make-to-stock’ (60% of total production). For manufacturing
customised and specific models, jobs are based on orders from customers (40% of total
production). Some special products require to be designed before they are manufactured.
Automated jobs, which are performed by SMT (Surface Mount Technology), dominate
the manufacturing of a finished product. They constitute around 80% of the total jobs
and are subcontracted to outside plants. Manual operations, accounting for the remaining
20% (10% assembly jobs and 10% finishing jobs), are done in-house by technicians.
Thus, the role of operators in assuring quality is very crucial .
To accommodate ever-changing customer demands, this plant continuously performs
research and development to create new products. In case of a new product, there is
initially an introduction from engineers to the workshop managers and these managers
will in turn introduce it to technicians. In the first and second production run, design
engineers assist and supervise managers and technicians, prepare process documentation
which can later be used by managers and technicians on their own. In this case,
engineers search for the availability of materials, estimate the cost, which then translate
them to parts and/or components.
III. The Use of Human-oriented Improvement Programs (HOIPs)
Commitment to customers and competitive pressures have motivated this company to
use a broad range of innovative programs in its effort for continuous improvement in
products and processes. The implementation of TQM and JIT can be viewed as
evidence of this company’s commitment to excellence.
The use of TQM principles started many years ago. However, according to the senior
manager, this company does not implement a theoretical TQM as defined by the book.
He said that this kind of TQM is not suitable for a small company since it demands too
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much paperwork. This company, instead, has to find a balance between getting enough
quality feedback and the amount of paperwork incurred. Rather than controlling each
process from time to time using statistics, this company applies a frill traceability using
serial number system to each product. In this system, each product is inspected,
calibrated, and assigned an individual serial number. When a unit returns, this company
can trace when the product was sold, to whom, even the whole history of the product
(e.g. was the product inspected, etc.). Later discussions on the application of techniques
will clarify this matter.
The use of JIT principles in this company is primarily concerned with scheduling
production and reducing stocks. This system is called ‘call up’ order. It applies mainly
for major components. A call up order is a commitment between a purchaser and a
supplier where the first will buy a certain amount of units (e.g. 120 units) from the
second in a duration of time (e.g. 12 months). So both parties set a schedule when and
how many units the transaction will occur (e.g. 10 units each month). This system is
exceptionally beneficial to both parties. Using this system, this company can
significantly reduced its inventory turnover of materials and components to only 5 days
or even less for standard products. However, this system is not without problem. This
matter will be discussed later.
The senior manager of this company contends that the use of TPM is not really required,
since most of the manufacturing operations in this plant are performed manually. The
only semi-automatic work is operating the test equipment. Technicians always monitor
the availability and effectiveness of this equipment.
IV. A p p lica tio n o f W orld-C lass M anufactu rin g Tools a n d T echniques

The following paragraphs discuss how the company practices the 38 tools and techniques
which are required to realise excellence in manufacturing.
A . C om m on P ra ctices

■ P ro b lem so lvin g

Problem solving is the key to a successful continuous improvement program. However,
its effectiveness in the workplace depends on the capability of each member applying
the right tools (B7 and N7) and the existence of a mechanism (such as PDCA/SDCA) to
motivate continuous improvement.
This company does not apply any technique pertaining to both B7 (basic tools o f quality
control) and N7 (management and planning tools) to solve a problem. The senior
manager asserts that the application of these techniques would involve too much time
consuming paperwork. For example, to make a run chart for all 200 different products
and analyse it will actually require time more than making the product.
Yet the PDCA cycle is applied by using its own Complete Quality Manual, a sequence
of activities that have to be done during the manufacturing of a product. In solving
quality-related problems, for example, this company applies a strict test procedure (test
and calibration) at the end of a product along with a full traceability procedure by using
a serial number system. Using this system, the cause(s) of defect(s) are investigated,
whether they are design problems, component failures, or general organisational
problems (e.g. wrong batch, wrong report). Then engineers analyse and solve them case
by case to avoid their occurrence. This practice has been used from the beginning and
has proven very powerful in coping with quality problems..
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■ Employee involvement and empowerment
These include employee training, training employees in various skills (multi-skilling),
and Small Group Improvement Activity (SGIA).
The training o f employees in this plant is mainly conducted on-the-job and supervised
by the workshop manager. A new operator receives up to six months of on the job
training to enable him to perform well. Since this plant produces various types of
products, after receiving six months of training a technician can not make every product
but at least he can make a fair amount of standard products. In manufacturing a new
product via a pilot production run, design engineers participate in the training to explain
how the product is calibrated and to see whether something has been overlooked in
designing the new product. Hence, the pilot production run allows them to rectify the
problem before it is too late. The senior manager perceives that employee training is
very effective in coping with product variety, where the work is different from one
product to another.
Multi-skilled employees are required to have a flexible work force. In this plant, where
product variety is enormous, multi-skilled employees are indispensable. This practice
actually extends to every job. A technician may have to assume the job of a store man or
a service manager who looks after administration tasks. This practice has been used
from the beginning and is very powerful. Problems occur from time to time. Some
people are not flexible enough. They often say “this is not my job.”
SGIA is applied in two forms. Among managers, there is a management review meeting
twice a month. Among employees, the workshop is split into work groups, and they
report to each other. This practice starts from the beginning and is powerful. However,
teamwork does not always run smoothly. Some people do not want to get involved with
someone else’s jobs. They often see someone else’s problems not their own. They do
not see them as a part of the company’s problem that they have to address in concert.

■ Supplier relationships
These include supplier certification, reduction of number of suppliers and distances,
long term supplier contracts, and total cost supplier evaluation. The first practice is not
used in this company because it is not a priority. This plant does not have too much faith
in supplier certification granted by third parties, such as AS9000, IS09000, etc. The
important thing is that suppliers’ quality, delivery, and price are maintained at a certain
level in order to continue supplying this plant. In fact, the senior manager claims that the
quality system performed by the third party auditors is too bureaucratic. They just get a
lot of paperwork, do everything by the book, tick everything, and say that a company is
accredited What they get is very- often not right. This plant has experienced having
goods supplied late by a fully accredited company, and the wrong supplies when on time.
This plant had another experience in supplying products to a ‘quality’ customer that
runs a quality system. His technicians wared up the product wrongly, and the product
blew. The result was that this company got the product back. When this company asked
the customer “What was the problem” The customer did not even know what the
problem was. He just said that the product did not work. He did not even go back to his
technicians and asked them what they did with it. Such experience led the senior
manager to say that the quality system was not reliable, and that a good track record
was more important than the quality system.
This plant makes an effort to reduce the number o f suppliers whenever possible.
According to the senior manager, reliable suppliers result from a good relationship, and
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the relationship will grow when they get a consistent order, a better price, and priority.
In turn, these suppliers will find a way to help when this plant gets an urgent job, like
export. A manufacturer can not cope with a pressing order without the existence of the
right components at the right time.
Reduction o f suppliers ' distance is not really essential. While this plant has a lot of
suppliers based in Sydney, it also uses several suppliers from other cities. Although
distant suppliers may cost more freight and extra time, the price of supplies from
Adelaide, for example, is cheaper since labour cost in Adelaide is cheaper. This plant
even gets supplies from overseas. The price is much cheaper if the order is high enough.
There are also problems in dealing with suppliers: Once the company gets ‘locked in’
with a supplier, and does not look around alternative sources, it may run into a problem
if the supplier suddenly disappears. Most of the suppliers are small companies, and
some may go bankrupt from time to time.
Visiting a supplier's plant is sometimes practiced, particularly for suppliers of major
components (e.g. transformer) or world class manufacturers. This is aimed at inspecting
their facilities and gaining an idea how big the factory is, how reliable is the operation,
how do they cope with large orders. This visit may also occur when this plant needs a
special component from a supplier. In this case, it gives the supplier all the information
needed to make the product, while not allowing them to sell that product to other plants.
This practice has been used from the beginning and is very powerful.
This plant often makes long term supplier contracts with its customers or suppliers.
Again, it is called a “call up” order. It is exactly the same as applying this plant’s
version of the JIT system as explained previously. For example, when this plant
receives a big call up order to supply a product to a customer, it makes a similar
arrangement with its supplier to purchase components that go into the product. Later
this commitment can be cancelled with a prior notice if the product does not sell any
more or is replaced by another product.
Such cancellation may take place due to unforseen circumstances. For instance, this
plant had a call up order to supply 200 modules every month. It was a very big job. But
the order did not specify the time duration. Initially, the customer took the module for
the first four months. To be able to supply on time, this plant set an arrangement with its
suppliers to send the right amount of components and materials that went into the
product. This plant also scheduled the assembly of the product over six months ahead.
Then the Asian crisis came. The customer said that he could not take the order for the
fifth month. Hence, this plant had a stock of one order. Since that time the customer has
never returned. Consequently, this plant had a stock of at least 400 modules ready to be
shipped. Alternatively, this plant had to see some other ways to sell the product. It took
a year for this company to retail this product, because of low demand in this country.
That is one of the problems of long term commitment without a clear contract. However,
it is difficult to make long term contract. It is too rigid. One way to tie customers to this
plant’s product is to provide them with a strategic discount. It is a discount according to
the number of orders. The practice of long term contracts in this plant started about 10
years ago and it is very powerful.
This company evaluates suppliers based on performance. In the evaluation, delivery and
price are the most important, given the quality. Flexibility has least priority. Supplier
evaluation is trial and error judgement. In case of a new supplier, the price may be
good, but not the quality. This plant gives him another chance. If the problem continues
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after the second and third chances, then the order is cancelled and other suppliers are
approached. According to the senior manager, the problem is recurrent because the
supplier does not forewarn his employees about any problems. This practice started 10
years ago and is very powerful.
■

W orkplace m a n a g em en t

In this plant, 5S and housekeeping are managed by assigning a person to look after his
section. There is always something that could be improved without waiting for the
management’s suggestion. A workshop manager is in charge of the state of his
workshop. A store manager is in charge of the tidiness and operations of his store.
Organisation of tools and facilities in an obvious place is the task of a section manager.
Job enlargement/enrichment is applied to some extent. It is part of multi-skill employees
explained earlier. This plant also practices moving people from the workshop to
department. They answer the phone, building sales, doing statistical work, doing design
work etc. They do not just work in the workshop all the time. As a result, this company
has a good salesman who used to be an operator in the workshop.
There are some impediments to job enlargement. In the workshop, most of technicians
are not Australian by birth that they are not able to communicate properly on the phone.
Hence, there is a limit on how far the company can command these people. This practice
started from the beginning and it is very powerful
■

O th er co n tin u o u s im p ro vem en t tools

These include Poka-yoke, Quality audits, Standardisation, Cross-functional management,
Policy deployment, Visible Improvement Management (VIM), Benchmarking, and
Value Analysis/Value Engineering (VA/VE).
Poka-yoke is not applied for equipment. However, various tools are utilised in this plant,
e.g. test jigs, fix tools. To avoid repetitious situations and measurement and to save
technicians from misuse, some jigs are modified.
Either formal quality audits by external auditors or internal audits have never been used.
But this plant has a management review meeting to discuss problems relating to quality.
It has standard procedures and auditing reviews to check if the procedures are working.
In this plant, standardisation of parts is done by way of trying to have a design directed
towards a certain use. Sometimes a component received from a supplier can not go into
the product and is rejected. As a result, more stocks are kept and more supplies are
needed. So by applying standardisation of parts, each component has a specific use in
the end-product, resulting in reduced cost.
Standardisation o f processes in this plant is done by making a full set of documentation
on every product. This is called ‘manufacturing documentation.’ This has to be
followed by every technician dealing with a certain product.
One of the problems of standard products is less flexibility. Some customers prefer a
specific product to a standard one. In such a case, this plant may suggest use of the latter
since the former is more expensive. If they agree to pay more then the specific product
is made. About 20% of this plant’s products are non standard. According to the senior
manager, flexibility is part of small businesses. Hence, the production system in this
plant develops through an intensive interaction with its customers and suppliers.
Cross-functional management is used in this plant to some extent. But the senior manager
recognises that it does not always run smoothly. For instance, if an engineer discovers a
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problem with a component, he might go to the purchasing section. But Purchasing may
not do anything to investigate it in the absence of any record about a problem with the
component. So, very often the senior manager has to push them in order to get the
problem solved.
Policy deployment is used in this plant to some extent. During management meetings,
problems pertinent to the whole company are addressed, along with matters of particular
concern to management. It is a team effort to decide the best way to solve a problem.
Subsequently, the decision is conveyed to the managers, w'ho then inform the employees.
The senior manager said that very often a pol icy originates from the interaction of the
company with the outside w?orld. Hence, it is important for every employee to get
involved in outside activities. A technician who does not make effort to talk to
customers will prohibit lessons for him.
Visible Improvement Management (VIM) is not really applied in this plant. Although
displaying a warning (“put anything in the right place’5) is practiced, and frequent
contact with employees is attempted, this plant normally does not display procedures
clearly visible to technicians.
Benchmarking is used by developing a network with similar manufacturers. They
compare notes and practices of doing things, discuss new7ideas, exchange ‘favours’ etc.
For example, this plant has EMC (emission standard compliance) testing which enables
fast track C-tick approval on any new design. Other companies can use this facility,
often at a special price. The senior manager said that such benchmarking has to be
continually carried out, so as not to risk losing of the contacts. This has been used for a
long time with a moderate return.
Value Analysis/Value Engineering (l^A/VE) is not applied in this plant, because this
plant uses specialised component. Hence, the right component for the product has to be
selected even by applying a destructive testing when necessary, or going though
engineering and R&D testing to get approval.
B. Quality Management Practices
■ Product Design
Tools associated with developing quality at source include Failure Mode and Effect
Analysis (FMEA), Design For Manufacturability and Quality (DFMQ), and Taguchi
Methods (TM).
To some extent, FMEA is applied in this plant. For example, this plant has a problem
with a new product. Although the problem has been suspected, it could not be completely
avoided. To accommodate it, the design specification has to be changed. Whenever the
problem occurs, it can be assumed that it is due to some external cause. Thus, design
change is one way to accommodate the problem.
An electronic product might or might not run initially, or fail after some time due to age
or high external stress. To make a product more reliable this plant conducts a very
thorough testing on every component and product by putting it in the oven, raising the
temperature, overheating it, or even going through destructive testing, to make it more
reliable. FMEA has been used from the beginning and it is very effective.
Design for manufacturability and quality (DFMQ) has been used for the last two years
in this plant. Since then, manufacturability started to change dramatically. High labour
cost is the reason for applying this technique. At this stage the benefits are not yet been
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realised, since the product that has been designed very strictly to manufacturability has
not been really introduced into the market. The senior manager expects products to
change dramatically in the future.
No Taguchi methods have been applied in this plant, due to low production volumes and
limited design work. The processes in this plant automatically develop with the product.
■

C u sto m er F o cu s

The techniques of customer focus include Quality Function Deployment (QFD) and
Customer Survey. QFD is applied by employing what this plant calls ‘application
knowledge. This is the practice of translating product design into manufacturing in
order to guarantee quality. It is an ongoing process and is done by always listening to
the customer. Only if the customer demands, or if it is a repeated requirement, this
requirement will be integrated into the product. The closer the product reflects the
customer’s wants, the greater the chance it will sell. In fact, a lot of products of this
plant have come around and are (re-)designed according to inputs of the customer. This
practice has been used from the beginning and is very effective.
After sale customer survey is not used for each product because of the great number of
products, and would need excessive resources. The sales manager has conducted a
general survey about customer perception of this company. There is also a mailing
campaign, which offers the customer to see the products, and asks their opinions about
quality, delivery, and price. The campaign has been done regularly, but not for even7
product. This company also welcomes plant inspected by at any time.
■ P ro cess M a n a g em en t

Statistical Process Control (SPC) is the core of process management. SPC is not used
in this plant due to excessive time and resources required.
C. J I T P ra ctices

JIT practices are aimed at making a manufacturer more responsive to customer demand
through eliminating or minimising all kinds of waste in the process of production. These
include set up time reduction (SUR), focused factory, group technology (GT), pull
production system, uniform work load, JIT scheduling, and Kanban.
In this plant, SUR is not applicable because test equipment is the only equipment it has.
However, changing operations from one product to another is done by having a work
preparation where materials are purchased and allocated before the job starts. Another
method of avoiding waste of time is to put the materials in obvious locations. Very often,
something is missing so that employees can not start work until all parts are available.
Focusedfactory is not applicable because this plant is too small and makes a variety of
products in small batches. Hence, the separation of making one product from another is
not attempted fully. However, this plant has work stations where particular technicians
do what they are good at. While electrical transducers and signal conditioning models
are manufactured in separate work stations, test equipment must remain on a certain
workbench. Every technician can do any job from manufacturing to testing
Group technology (GT) is used in this plant to some extent. Manufacturing of products
with similar characteristics is done at the same location.
Pull production system is not applicable in this plant. Instead, this plant makes up
subassemblies, puts them in stock until they are needed. It is mainly applicable for
medium size batches of similar products.
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Uniform workload is attempted as much as possible among technicians and also on day
to day basis. Each technician is issued with a work schedule each morning according to
his/her ability. But some tasks are more complex and take a longer time. Hence, to
make works more evenly, employees are rotated to make different things from day to
day. Experienced employees have to do a greater variety of jobs. But typically big jobs
will be contracted out to different outhouse assemblers for faster results. In this way,
this plant can increase its production capacity and triple its productivity.
JIT scheduling has been implemented in this plant to some extent. A job typically starts
with an order. Then it is scheduled based on its dispatch day. It can be a long day if it is
a call up order. From experience, it takes two days to assemble a product. So the
workshop should get the work schedule at least two days before the dispatch day. This
is called computer schedule system’. A scheduling of components is done in similar
fashion as for the job. If it is a big order, this plant will check how much stock it has and
informs its suppliers when the additional components are needed, and so on. This
practice has been used about 10 years ago and it is very effective.
Kanban is not applied in this plant. Instead, it uses a ‘work sheet’, a piece of paper
nominating a technician what he has to do on that day, how many pieces of products he
should make, and the details o f the product.
D. T P M P ra ctices
None o f these TPM techniques has been applied in this plant.
V A p p lica tio n o f P e rfo rm a n ce M easu rem en t

As a consequence o f its commitment to customers, this plant measures the performance
of its activities relating to the achievement of quality, cost, delivery, flexibility and
human resources. Performance measurement is based basically on customer feedback.
‘This is the only way to measure company performance’, said the senior manager. ‘If
they are happy, so are we. If they do not come back we have to ask them’.

In process defects are monitored but not documented. This is part of the QA system
applied in this plant. When a defect is found, engineers will investigate it, solve the
problem, and make sure that it does not recur.

Return o f products is monitored very strictly using a serial number system. There is an
entry in the serial number, stating the problem with the returned product. It can be
customer related problem, design problem, or factory problem. If a product is returned
several times, the company replaces it with a new' product. This practice has been used
from the beginning and it is very effective.

Manufacturing costs are monitored by assessing the time needed by technicians to do a
certain product (labour content), the amount of materials that go into the product and the
overhead. But this plant does not have a salary' based on stop watch, because it makes a
variety o f products. It is quite difficult to get estimate of them. Hence, this plant uses
statistic to calculate them exactly, and would like to get better handle of it.

Maintenance costs are not measured. They are included in overhead wages, since veiy
often a technician gets paid o f repairing the equipment.

Inventory turnover is measured by annual stock take. Based on this information, this
plant assesses whether a product has moved or not moved, and the number o f products.
Some products might be written off or be reduced its stock. Basically, stocks have to be
reduced whenever necessary. This is done continuously.
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O n tim e d e liv e r y is strictly monitored as part o f this company’s business. It usually
delivers on time. But statistics on this are not documented. Rather it gets immediate
feedback from customers. If for some reason this plant can not deliver on time, then it
will inform customers. In some cases, when the order is urgent then this plant will find a
solution even at much higher cost to the company, e.g. issuing over time or
subcontracting to outhouse assemblers. This practice has been used from the beginning
and is very effective.
L e a d tim e is not monitored, but this plant has a rough estimate based on experience.
This has to be negotiated from job to job. Typically, when this plant gets an urgent
order, the first thing to do is to check the availability o f stocks and materials, then check
the capacity of the workshop to meet that order, and finally decide whether the order
will be taken or rejected. This plant knows production lead time o f every product it
makes. It also knows the estimate o f production lead time when it has to contract the job
out, the estimate o f purchasing materials or components from other company and the
estimate o f subcontracting automatic assembly from outhouse assemblers. To maintain
commitment to the customer, this company often has to change suppliers if they are
busy and the order is urgent.
C y c le tim e is not monitored for each product, but this plant knows its rough estimate
based on experience.
S p a c e efficien cy is not really applicable for this plant. Almost everything in this plant is

small in size, hence they do not take much space.
Test equipment is the only equipment this plant has. Its a v a ila b ility is monitored from
time to time. Since there is no duplicate and the equipment is sometimes used by outside
assemblers or by its suppliers, a schedule o f its usage is necessary.
E qu ipm en t p e rfo rm a n c e efficien cy is not applicable to this plant.
L abou r p r o d u c tiv ity is not measured since it takes too much paperwork. But, based on
experience, this plant has a standard productivity of a technician doing a certain job. If
he does something below standard, the problem is investigated.
E m p lo y ee m orale a n d m o tiv a tio n , as a measure of performance, is difficult to asses, said

the senior manager. This company has various programs such as celebrating birthdays,
sport activities, etc.
A c c id e n t fr e q u e n c y is not monitored, but is very small, since operations in this plant do

not involve big machines. Thus it is not monitored, but some accident warnings are there.
C a p ita l in vestm en t efficien cy is not the real answer to the business, and is not
monitored. But this plant is very careful in purchasing a new piece of capital equipment.
It has to give a lasting profit.
V I.

C o n c lu s io n

Various techniques and performance measures have been used in this plant in its effort to
improve performance continuously. As a small to medium sized plant addressing quite a
complex market, this plant’s survival is determined by its ability to fulfil customers’
demands and, to some extent, to cooperate with its suppliers. Its production system,
thus, develops through extensive interaction with the customers and suppliers.
Compared to its competitors, o v e r a ll p e rfo rm a n c e o f this plant is slightly a b o v e
a v era g e . The q u a lity o f final products is a b o v e a v e r a g e in the sense that defect rates can
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be maintained at a reasonable level and few quality problems (measured as returns of
products) are encountered in the market. So also its responsiveness and flexibility to
customer demands. Most o f the time, this plant can supply goods to customers without
any difficulty, although for some specific products, this is done by keeping work-in
process inventory at a reasonable level. Finally, the co st of production is average in the
sense that it can still be maintained at a profitable level.
While various techniques have been applied in assuring quality, emphasis on controlling
workers’ jobs is more dominant. All tasks are done manually, since automated jobs are
contracted out to outside plants. Hence, employee training, especially training in multi
skills, is very crucial. In achieving and maintaining quality performance, this plant uses
its own Complete Quality Manual to control its products. As for this manual, every
product has to go through a strict testing and calibration procedure and a full traceability
procedure by using a serial number system. If a quality problem occurs, this plant trusts
its traceability system to detect the problem (whether customer, component, design,
manufacturing, and/or organisational problems), and its engineers will analyse and solve
the problem case by case. Although this system may reduce recurrence of the same
problem, it is not really obvious whether it can avoid new problems from occurring
since electronics problems are too many to be able to detect them exhaustively.
Problem solving in this plant is aimed mainly at correcting the problem after occurring
rather than preventing it from happening. Both basic and advanced tools of quality
control are rarely used. Hence, while employee training and multi-skilling are provided
for the purpose o f preparing employees to perform many tasks in accordance with what
is written in the operations manuals, their involvement in process improvement is not
really encouraged. However, the pursuit of quality is striven for by, among others, use
o f standardisation o f parts, design for manufacturability and quality, and standardisation
o f components and processes.
In achieving and maintaining responsiveness and flexibility to customer demands, this
plant uses a certain amount o f networking with other similar manufacturers (suppliers),
in addition to applying several other techniques, such as multi-skilled work force, job
enlargement and enrichment, and visible improvement management. Although supplier
certification is not practiced, this plant strives to develop good relations with other
manufacturers by, among others, establishing long term commitments, visiting their
plants, and providing them all information needed to make a product. Other attempts to
seek reliable suppliers are reduction of numbers of suppliers and supplier evaluation
based on performance. Moreover, the ‘call up order’ system has proven to be very
effective in dealing with large and urgent orders. It is also effective in reducing stocks
and making production scheduling more manageable.
Finally, the Senior Manager believes that human resource management is the key to the
company’s success. Teamwork is a means to tap employees’ capability and creativity
within the framework of realising the company goals. Hence, everyone has to be part of
the company and creating this condition is an ongoing process. In this plant, pride in
the work is really promoted. In fact, this is more important than providing extra
incentive to employees. The Senior Manager argues that the latter may cause a problem.
Extra award can not be given to everyone. Some employees are high performers, others
are not. Only giving to high performers will cause jealousy. Lastly, this company has
never laid o ff employees for insignificant reasons.

D 4-

10

Start applying (years)
(Y/N)

0-2

2 -5

>o

P o w er o f a nnlication
N o t a t a ll

L ittle

M o d era te P o w e rfu l

Comments

Very
nawerJkL

A . In f r a s tr u c tu r e p r a c t i c e s
• P r o b le m s o lv in g

B7 (basic tools of QC)
N7 (new tools of QC)
PDCA/SDCA

N

Take too much time doing paperwork

N

Take too much time doing paperwork

Y

Applied using its own Complete Quality Manual

Employee training

Y

Multi-skilling

Y

Small Group Activities

Y

Up to 6 months on the job training for new operators. For
a new product, engineers involve in the training.
Multi-skilling is a must, since product variety is enormous
Applied in two forms: management review meetings for
managers and work groups for employees____________

E m p lo y e e in v o lv e m e n t

S u p p lie r r e la tio n s h ip

Supplier certification

N

Reduction of number of
suppliers and distance

Y

Long term contracts

Y

Total supplier evaluation

Y

Suppliers are evaluated based on price and delivery, but
quality is a must. Flexibility c o m e s l a s t
’

Y
Y

Applied to some extent.
Part of multi-skilling through job rotation

Not applicable, since it is not the priority
Reduction of number ol suppliers is attempted whenever
possible, but distance is not essential as long as they can
compete in price, quality and delivery.
‘Call up order’: long term contracts based on orders

W o r k p la c e m a n a g e m e n t

5S & house-keeping
Job enlargement/eiirichment

a O th e r te c h n iq u e s
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Poka-yoke
Quality audits

N

Not applicable.

N

Not applicable, too much time doing paperwork.

Standardisation

Y

Cross-functional mgmt
Policy deployment

Y
Y

Standardisation of parts is done by designing parts directed
towards certain use. Process standardisation is documented
Used to some extent, but it does not always run smoothly.
Applied to some extent.

-

TjLkleI 1: AI p pI-----lica
tio n o f W CM T ech n iq u es
in C om pany 4
!------ 1------ 1----------- 1------ 1----------- 1------ 1------ !---------- -- ----1
------ .-----------,------ — C ------ J . -----

H as this p la n t a p p lied
th ese tech n iqu es

Visible Improv. Mgmt
Benchmarking______
VA/VE____________
B.

Start applying (years)
(Y/N)

0- 2

2 -5

5

P o w e r o f a pplication
N o t a t a ll

L ittle

M o d e r a te

Powerful

V ery
nrrwprful

_______ Comments

N
N

Not really applied,________________

N

Not applicable___________________

Formal benchmarking is not applied.

T O M p r a c tic e s _______

■ P r o d u c t d e s is n ______

FMEA____________
DFMQ___________
Taguchi Methods

Y_
Y_
N

Applied to some extent_____________________________
Applied to some extent. The benefit has not been realised.
Not applicable____________________________
____

Table 1: Application o f WCM Techniques in Company ‘D ’ (Continued)

H as this p la n t a p p lied
th ese te c h n iq u e s __

■ C u s to m e r f o c u s
____ Qf d ____________

Y

____ Customer survey

N

Applied to some extent. It is called ‘application knowledge’
Not applicable_________________________ _________

N

Not applicable, too much time doing paperwork.

■ P rocess m a n a g em en t

SPC______________
C

J I T p r a c tic e s _________

Set up time reduction
Focused factory______
Group Technology
Pull production system
Uniform workload
JIT scheduling_______
Kanban_____________

N
N
Y.

N
Y

Y
N

Not applicable ___________________ ______________
Not applicable_______________ ____________ _______
Applied to some extent_______________
Not applicable_____________________________
Attempted as much as possible both among operators and
from day to day,_______________ ____________________
Applied to some extent______
Not applicable_____
_______

Z). T P M p r a c tic e s ________
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TPM - E M _______
TPM - PM__________
TPM - AM_________
Maintenance Prevention
MMS_______________

N.

N.
N
N.
N

Not applicable
Not applicable
Not applicable
Not applicable
Not applicable

D4-

u>

Power o f application

S ta r t a p p ly in g (yea rs)
(Y /N )
0 -2

2 -5

> 5

Not at all

Little

Moderate Powerful

C o m m e n ts

Very
powerful

M onitored but not docum ented. Part o f QA system
applied in this plant.

In process defects or rework

Y

0

Returns o f already-delivered
products

Y

•

M anufacturing costs

Y

•

M aintenance costs

N

Inventory turnover

Y

•

On-time delivety

Y

0

Lead time

N

Not m onitored, but rough estim ates o f both
production and purchasing lead time are known

Cycle tim e

N

Not monitored.

Space efficiency

N

Not really applicable.

Equipm ent availability

Y

Equipm ent perform ance
efficiency

N

Not really applicable.

Labour productivity

N

Not really m onitored. Take too m uch paperwork.

Employee morale & motivation

N

Not really m onitored. Difficult to asses.

A ccident frequency

N

N ot monitored. But accident warning is provided.

Capital investment efficiency

N

Not monitored. But capital investm ent is carefully
considered beforehand.

•
•

M onitored strictly using a serial num ber system.
Problems are investigated. Countermeasures are taken
M onitored to some extent by assessing costs o f
labour, m aterials, and overhead.

•

Not really m easured and m onitored.

0

M onitored using a yearly stock take. Then, inventory
turnover is assessed. It is done continuously.

•
0

•

Strictly m onitored, but not docum ented.

Applicable only for a testing equipm ent. Its
availability is m onitored from tim e to time.

Ta b le 2: A pplication of Perform ance M easurem ent in C om pan y ‘

Has this plant used these
performance measures
to evaluate progress

Appendix

D5:

A c h i e v i n g M a n u f a c t u r i n g E x c e l l e n c e in C o m p a n y ‘E

Achieving Manufacturing Excellence in Company ‘E ’
/. Company Background
This company is a small, independent, and dynamic automotive component
manufacturer producing, among others, chamber adjuster kits, coil spring, and anti
sway bars. Established in 1996, this company places commitment to customers as the
number one priority. Therefore, this company always attempts to satisfy customers by
designing, manufacturing and servicing a range of automotive products. About half of
the products are merchandised in the domestic market either directly to individual
customers (fitted to the car) or through wholesalers. The rest are exported.
The number of employees working in this company is between 20-49 with about 75% of
them engaged in production. The approximate annual turnover is less than five million
dollars. About 75% of the products are manufactured and assembled in batches, and the
remaining 25% are made unit by unit in the job-shop. About 90% of the products are
made based on orders, and the remaining 10% have to be designed first before
manufacturing. About 90% of the products are produced manually, and 10% require
semi-automatic equipment. This plant spends about 15% of its production costs on
procuring raw materials from its suppliers.

II. Manufacturing Operations
This company manages its operations primarily based on customer orders. Orders may
come from individuals or companies (wholesalers or exporters). For the first type of
order, the individuals take their car to the garage, the operator checks the availability of
the ordered products in stocks, and if available (as is usually the case), the products are
fitted in the car. This process takes less than one hour.
For the second type of order, this plant keeps a reasonable amount of finished products
and materials that go into the products in stocks. Materials are ordered once a month.
When orders arrive, the managers check their availability in stocks, and if the stocks are
not enough, then asks the operators to make the remaining. It may take several days to
complete a large order.

III. Use o f Human-oriented Improvement Programs (HOIPs)
Commitment to customers and competitive pressures have motivated this company to
implement some aspects of TQM and TPM in the last five years. The main motives for
this are to comply with Department of Industry for safety reasons and to improve
productivity.

IV. Application o f World-Class Manufacturing Tools and Techniques
The following paragraphs discuss how the company practices the 38 tools and
techniques in order to realise excellence in manufacturing (see Table 1 for summary).

A. Common Practices
■ Problem Solving
Problem solving is the key to a successful continuous improvement program. However,
its effectiveness in the workplace depends on the capability of each member applying
the right tools (B7 and N7) and the existence of a mechanism (such as PDCA/SDCA) to
motivate continuous improvement.
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This company does not apply any technique pertaining to both B7 (basic tools o f quality
control) and N7 (management and planning tools) to solve a problem. This respondent
asserts that this plant does not have any resources to apply these techniques. Yet the
PDCA cycle is applied by, among others, putting signs across the plant to remind
employees to improve productivity and to perform the job safely.

■ Employee involvement and empowerment
These include employee training, training employees in various skills (multi-skilling),
and Small Group Improvement Activity (SGIA)
The training o f new employees is mainly done on the job and supervised by their peers.
The new workers are instructed to do jobs to the limit of their ability and asked them to
learn from their peers when they encounter difficulties. The respondent believes that
employee training is very effective in enhancing employees’ skills.
Multi-skilled employees are required to have a flexible work force. In this plant, the
accumulation of employees’ skills is determined by their own initiatives. Multi-skilled
employees perform various jobs, and hence earn more income.
Small Group Improvement Activity (SGIA) is applied in an informal way. When an
employee encounters a job he can not handle, he asks his peers for help. For a
complicated job, or when the company buys (new) equipment, several employees
discuss and analyse how to perform it appropriately and productively.

■ Supplier Relationships
These include supplier certification, reduction of number of suppliers and distances,
long term supplier contracts, and total cost supplier evaluation. The first practice is not
applied. This company purchases the materials directly from stores, and can move from
one store to another depending on the price.
Reduction o f the number o f suppliers is attempted to some extent based on experience.
But reduction o f suppliers ’ distance is not really essential. Moreover, this company has
never made a contract with suppliers to purchase materials. Price is the main
consideration to purchase materials, but quality and delivery are also considered based
on experience.

■

Workplace Management

In this plant, housekeeping is managed traditionally by assigning a person-in-charge to
look after his section. Warnings about cleanliness and orderliness are everywhere across
the plant. No organised training of 5S is attempted. Job enlargement and enrichment is
not applied formally. But moving employees from one work station to another is
performed according to work orders.

■ Other Continuous Improvement Practices
These include Poka-yoke, Quality audits, Standardisation, Cross-functional
management, Policy deployment, Visible Improvement Management (VIM),
Benchmarking, and Value Analysis/Value Engineering (VA/VE).
Poka-yoke is not applied formally. Based on long experience in operating equipment,
employees gain knowledge to control the equipment and to avoid defective products
from occurring.
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Either formal quality audits by external auditors or internal audits have never been
applied.

Standardisation of parts and processes is applied to some extent. But no documentation
is provided. Again, quality assurance and standardisation are based primarily on the
knowledge and experience of the employees.

Cross-functional management is not applied in this plant. The top manager (the owner)
is very dominant in directing every job in the plant, including research and development
and design of new products. The middle managers and operators perform only
according to instruction from the top manager. Accordingly, policy deployment is
mainly applied in a traditional, top down manner as directed by the owner.
In this plant, Visible Improvement Management (VIM) is applied very strongly. The top
manager is very keen about this. As mentioned earlier, there are many signs across the
plant to remind employees to improve productivity and to perform the job safely.
Benchmarking is not applied formally. The top manager sometimes visits other plants
of similar manufacturers to discuss and exchange ideas about new products. The result
of this discussion is then conveyed to the middle managers and operators.
Value Analysis/Value Engineering (VAJVE) is not applied formally. This plant
sometimes attempts to modify some components of a product and send the prototype
product to the market (via wholesalers). The production is continued if this product
sells, otherwise terminated and reverts to the previous components.

B. Quality Management Practices
■ Product Design
Tools associated with developing quality at source include Failure Mode and Effect
Analysis (FMEA), Design For Manufacturability and Quality (DFMQ), and Taguchi
Methods (TM).
Failure Mode and Effect Analysis (FMEA) is not applied, but this plant attempts to
make products by applying high safely factors. This results in infrequent failure.
Design For Manufacturability and Quality (DFMQ) has been applied for some products
in the last 2 - 5 years. This technique is very powerful in enhancing quality and
reducing production cost.

No Taguchi Methods have been applied in this plant, since this plant does not
manufacture in large quantities.

■ Customer Focus
The techniques of customer focus include Quality Function Deployment (QFD) and
Customer Survey. Both techniques are not applied, but this plant is very concerned with
the customers. Their complaints are addressed seriously, even by replacing the products
if necessary..

■ Process Management
Statistical Process Control (SPC) is the core of process management. SPC is not applied
in this plant. The company does not have resources to use this tool. As explained earlier,
this plant relies on the skills of employees. Flence, the top manager prefers employees
doing production jobs to doing paperwork analysing the process.
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C. JIT Practices

JIT practices are aimed at making a manufacturer more responsive to customer demand
through eliminating or minimising all kinds of waste in the process of production. These
include Set Up time Reduction (SUR), focused factory, Group technology (GT), pull
production system, uniform work load, JIT scheduling, and Kanban.
In this plant, SUR is not really applied. Again, SUR is not the main concern in this
plant, since employees do not have enough time to do this. The top manager prefers
them doing production, because production is frequently lagged behind.
Focused factory is not applicable because this plant is too small, makes a variety of
products in small batches, and serves both individual customers and companies. Hence,
separating the manufacturing of one product from another is not attempted fully.
Group technology (GT) is not applied in this plant, since most of the products are
manufactured in short times.
Pull production system is not fully applied in this plant. Although most of products are
made based on orders, this plant purchases materials once a month, makes components,
and puts them in stock until they are needed.
Uniform workload is not applicable, since the orders are not uniform. When orders are
plentiful, employees have to produce in high rate and to work over time. Or temporary
employees are hired, if necessary. Accordingly, JIT scheduling is not implemented.
Finally, Kanban is also not applied in this plant.

D. TPM Practices
The achievement of Overall Equipment Effectiveness (OEE) is detennined by the
application of the following techniques: Equipment Management and improvement by
teams (TPM-EM), Preventive Maintenance, (TPM-PM), Autonomous Maintenance
(TPM-AM), Maintenance Prevention (MP), and Maintenance Management System
(MMS).
In this plant, equipment is mostly bought from the second-hand market or from
auctions, and their maintenance depends on maintenance specialists. Some employees
are skilful both in operating and maintenance of equipment. Some others can only
operate equipment. Th qfirst three techniques have been applied to some extent in the
sense that, most of the time, the high-skilled employees can handle TPM-EM, TPMPM, and TPM-AM with limited participation of ‘given’ operators. A difficult situation
arises when the skilled employees are busy, absent, or can not handle the equipment
problem satisfactorily. In this case, maintenance specialists must be hired, otherwise
jobs may be delayed. The last two techniques have never been applied in this plant.

V. Application o f Performance Measurement
As a consequence of implementing world-class manufacturing techniques, a company
should measure performance of its processes relating to the achievement of quality, cost,
delivery, flexibility and human resource. Emphasis on financial performance is
apparently more dominant in this plant. Accordingly, the practices of performance
measurement stress on ‘actual’ results rather than on process improvement. Table 2
provides a brief description of the use of performance measures in evaluating plant
progress.
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Conclusion

In this plant, various attempts have been made to improve company performance
continuously in order to achieve manufacturing excellence, investment in equipment
and, to some extent, the implementation of human-oriented innovative programs are
among the endeavours in maintaining and improving product quality, reducing cost,
increasing customer responsiveness, and enhancing production flexibility. These efforts
seem to be commensurate with the current level of performance.
Compared to its competitors, the overall performance of this plant is average. The
quality o f finished products is above average in the sense that this plant can maintain its
quality performance (estimated as returns of delivered products) at a reasonable level.
Responsiveness to customer demands is also above average in the sense that, most of
the time, this plant can deliver goods on time to customers without difficulty. However,
the level of cost performance is below average in the sense that production cost of this
plant is high. Unsatisfactory equipment performance seems to be the main cause of this
plant’s higher production costs compared to its competitors. Equipment availability is
relatively low (only 8% running). Equipment performance efficiency is also low (the
running machines operate slower than they do). Finally, the plant’s production flexibility
is among the best. It is able to meet orders both from individuals and companies on
time and with good quality.
While various techniques have been used in its efforts to achieve excellent performance
in quality, delivery and flexibility, emphasis on actual results by controlling high skilled
employees is more apparent in this plant. Table 1 shows that application of
Infrastructure practices is relatively more intensive than those of others. However, their
effectiveness is not as high as they should be. Problem solving activities are relied on
putting slogan across the plant, but not on the application of appropriate tools.
Employee involvement is mainly based on employees’ own initiatives with little
direction from the management. Housekeeping is managed traditionally. Finally, good
supplier relationship is not the main concern, since materials can be purchased directly
from the market.
Furthermore, it appears that the pursuit of excellent performance is followed by limited
application of core practices. DFMQ is the only TQM practice pursued. SUR is the only
JIT practice used. While TPM-EM, TPM-PM, and TPM-AM are practiced, participation
of operators is very limited. It is argued that performance of this plant can be improved
when Infrastructure and core practices are applied properly.
The use of performance measures in supporting the achievement of manufacturing
excellence has been done very limitedly in this plant. Table 2 demonstrates that
emphasis on actual results is more dominant. This in turn may foster short tenn
performance, but at the same time, may hinder the pursuit of continuous process
improvement, which is required to achieve sustained long term performance. It is
argued that performance of this plant can be further improved when the fifteen
performance measures are applied to monitor the company progress.
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(Y/N)

Start^ wMw.
0 -2

A. Infrastructure practices.. —...... .....— ■ Problem solving
B7 (basic tools o f QC)
N7 (new tools o f QC)
P D C A /SD C A

■ Employee involvement
Employee training
Multi-skilling
Small Group Activities
■ Supplier relationship
Supplier certification
Reduction o f number
o f suppliers & distance
Lon« tenu contracts
Total supplier evaluation

■ Workplace management
5S & house-keeping
Job enlargement/enrichment
■ Other techniaues
Poka-yoke
Quality audits
Standardisation
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_____ Cioss^functjonal nigmt
Policy deployment
Visible Improvement
Management (VIM)

rliQWÂL±>Lq m Iication
5 Not al ail Unie Moderate Powerful

2 -5
—

- --------

—

■
---- -----

—

...N_...
N

Y

•

Y
Y
Y

JL

•

•
•

_A _
•

N

Y

•

N

•

Y

•

..•

Comments
----- ------------------------------ ----------------------------------Never applied. No resources to use them.
Never applied. No resources to use them.
Applied by putting signs across the plant reminding
workers to improve productivity and perform jobs safely.
Mainly on the job training supervised by their peers.
Encouraged and based on employees’ own initiatives.
Applied informally, based on employees’ own initiatives.
Never provided. Procured materials.directly from markets
Attempted to reduce the number based on experience.
Distance is not really essential.
Never made contracts with suppliers.
Price is the main consideration, but quality and delivery
are also considered.

•

Y

Very
jmmCii

•

N

Housekeeping is managed traditionally. No training of 5S.
Never applied formally. Job rotation is performed.

N
N

Never applied formally.
Never applied.

Y
.... N ' '

•
-

.... ......- ..

------- - - ...-..- ... -

Y
Y

•

•
•

Applied to some extent, but no documentation. Relied
primarily
on the knowledge and experience of employees.
----- ---- — ...-----Never applied.
Applied traditionally in a top down manner.
Applied very strongly by putting signs across the plant
•
reminding workers to improve productivity.
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Has this plant applied
these techniques

Benchmarking
VA/VE

Start applying (years)
(Y/N)

0-2

2 -5

>5

P o w e r o f application

Very
Not at all Little ModeratePowerful pow
erful

Comments

N

N ever applied form ally.

N

N ever applied formally.

N

N ever applied.

Y

A pplied su ccessfu lly for som e products.

N

N ever applied.

B. TQM practices
Product design

FMEA
DFMQ
Taguchi Methods
Customer focus

QFD
Customer survey

N

N ever applied. C ustom ers’ com plaints are considered

N

N ever applied. C ustom ers’ com plaints are considered.

N

N ever applied. N o resources to use it.

Set up time reduction
Focused factoiy
Group Technology

Y

A pplied to som e exten

N

N ot applicable.

N

N o t applicable.

Pull production system
Uniform workload
JIT scheduling
Kanban

N

N o t applicable.

.N

N o t applicable.

N

N o t applicable.

N

N o t applicable.

Process management

SPC
C. JIT practices

but not the main concern.

D . TPM practices
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TPM - EM
TPM - PM
TPM - AM
Maintenance Prevention
MMS

Y

Applied with lim ited participation o f operators.

Y

A pplied with lim ited participation o f operators.

Y

Applied with lim ited participation o f operators.

N

N ever applied.

N

N ever applied.

Table 1: Application o f WCM Techniques in Company *E* (Continued)

H as th is p la n t a p p lied
these tech n iqu es

D5 CO

Start applying (years)

P o w er o f application

(Y /N )
0 -2

2 -5

> 5

Not at all

Little

Moderate Powerful

Very
powerful

Comments

In process defects or rework

N

Returns of delivered products

Y

Manufacturing costs

N

Not really monitored. Has SOP to calculate it,
but rarely been used.

Maintenance costs

N

Not really monitored. The wage of maintenance
engineers is the best.

Inventory turnover

Y

•

•

Monitored by accountant. No information how
this is applied.

On-time delivery

Y

•

•

Monitored strictly case by case by the top
manager, but not documented.

Lead time

N

Cycle time

N

Not officially monitored, but employees are
encouraged to do the job quickly.
Not really monitored.

Space efficiency

N

Not really monitored.

Equipment availability

Y

Equipment performance
efficiency
Labour productivity

N
N

Not officially monitored. Tend to am machines
slower than they do.
Not officially monitored.

Empl. morale & motivation

N

Not officially monitored.

Accident frequency

N

Not officially monitored.

Capital investment efficiency

K

Not officially monitored.

Not monitored. Production runs are too short.
•

•

ft

•

Monitored case by case, but not documented.

Monitored only for active (running) machines.
Only 8% of the machines are running well.

Table 2: A pplication of Performance M easurement in Company ‘

H as this p la n t u sed th ese
p erfo rm a n ce m easu res
to evalu ate pro g ress
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